
Occupational Health Guideline for 
Petroleum Distillates (Naphtha) 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: C,Hu.- C7H,6- C.,., 
• Synonyms: Petroleum naphtha; aliphatic petroleum 
naphtha; petroleum ether (95 to 115 C); naphtha, petro­
leum 
• Appearance and odor: Colorless liquid with an odor 
like gasoline and kerosene. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for petroleum distillates is 
500 parts of petroleum distillates per million parts of air 
(ppm) averaged over an eight-hour work shift. This 
may also be expressed as 2000 milhgrams of petroleum 
distillates per cubtc meter of air (mg/m'). NIOSH has 
recommended that the permissible exposure limit be 
reduced to 350 mg/m' averaged over a work shift of up 
to 10 hour; per day. 40 hours per wee I.. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Petroleum distillates can affect the body if they are 
inhaled, come in contact with the eyes or skin, or are 
swallowed. 
• Effects of overexposure 
1. Shon-term Exposure: Overexposure to petroleum dis­
tillates may cause dizziness, drowsiness. headache. and 
nausea They may also cause irritat10n of the eJ'es, 
throat. and skm. 
2. Long-rerm Exposure: Prolonged overexposure may 
cause drying and crackmg of the skm. 

J. Reporting Signs alld Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to 
petroleum distillates. 
• Recommended medlcallllln'elllaace 
The following medical procedures should be made 
available to each employee who is exposed to petro­
leum distillates at potentially hazardous levels: 
I. Initial MN!ictJI Scrwning: Employees should be 
screened for history of certain medical conditions 
(listed below) which might place the employee at 
increased risk from petroleum distillates exposure. 

-Skin disease: Petroleum distillates are skin defatting 
agents and can cause dermatitis on prolonged exposure. 
Persons with pre-existing skin disorders may be more 
susceptible to the effects of these agents. 

-Chronic respiratory disease: In persons with im­
paired pulmonary function, especially those with ob­
structive airway diseases, the breathing of petroleum 
distillates might cause exacerbation of symptoms due to 
their irritant properties. 

-Liver disease: Although petroleum distillates are 
not lrnown as liver toxins in humans, the importance of 
this organ in the biotransformation and detoxification of 
foreign substances should be considered before expos­
ing persons with impaired liver function. 

-Kidney disease: Although petroleum distillates are 
not lrnown as kidney toxins in humans, the importance 
of this organ in the elimination of toxic substances 
justifies special consideration in those with impaired 
renal function. 
2. Periodic MedictJI Examination: Any employee devel­
oping the above-listed conditions should be referred for 
further medtcal examination. 
• Summary of tox.icoloi:! 
The vapors of petroleum distillates are mild narcotics 
a:;d mucous membrane irritants. There have been fev. 
toxicologic studtes, either on animals or man. \\'hile 
4000 to 7000 ppm are tolerated for I hour by human 
subjects, symptoms of narcosis. such as dizziness and 
drowsiness, occur at ·those concentrations. Continuing 
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assist in achiev1ng an effective occupat1onal health program. However. they may not be suffic1ent to ach1eve compliance 
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exposure may produce signs of inebriation, followed by 

headache or nausea. Exposure at 10,000 to 20,000 ppm 

· regarded as immediately baz.ardous to life. The higher 

..oiling fractions may produce irritation of the eyes, 

nose, and throat in addition to symptoms of mild 

narcosis. The liquid is a defatting agent, and repeated or 

prolonged skin contact results in drying and cracking of 

the skin. No chronic systemic effects have been report­

ed from widespread industrial use. If benzene is present 

in the distillate, however, the hazard of both acute and 

chronic poisoning is increased; the presence of elevated 

phenol in the urine is indicative of benzene exposure. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
I. Molecular weight: 100 (approximately) 

2. Boiling point (760 mm Hg): 30 to 127 C (86 to 260 

F) 
3. Specific gravity (water = 1): 0.74 
4. Vapor density (air = I at boiling point of petro­

leum distillates): 3.4 (approximately) 
5. Melting point: Data not available 

6. Vapor pressure at 20 C (68 F): 40 mm Hg (ap­

proximately) 
7. Solubility in water, g/100 g water at 20 C (68 F): 

0.04 (approximately) 
8. Evaporation rate (butyl acetate = I): io (approxi­

mately) 
• Reaetivity 

I. Conditions contributing to instability: Heat 

2. Incompatibilities: Contact with strong oxidizing 

agents may cause fires and explosions. 

3. Hazardous decomposition products: Toxic gases 

and vapors (such as carbon monoxide) may be released 

in a fire involving petroleum distillates. 

4. Special precautions: Petroleum distillates will 

attack some forms of plastics, rubber, and coatings. 

• f1emmability 
I. Flash point: -40 to 20 C ( -40 to 68 F) (closed 

cup) 
2. Autoignition temperature: 232 to 260 C (450 to 500 

F) 
3. Flammable limits in air, o/c by volume: Lower: l; 

Upper 6 
4. Extmguishant: Foam. carbon dioxide, dry chemi­

cal 
• Warning properties 

I. Odor Threshold: The odor thresholds of the main 

constituents of petroleum naphtha (i. e.. heptane, 

octane, pentane, etc.) are below the individual permissi­

ble exposure hmits. 
2. Eye Irritation Level: According to Gafafer, the 

naphthas irritate the conjunctiva. The American Petro­

leum Institute states that irritation of the conjunctiva 

may occur ''when the eyes are exposed to high vapor 

concentrations (of petroleum naphtha) in air. The irrita­

tion is mild and transitory." No quantitative information 

is available concerning the threshold of eye irritation, 

however. 
3. Evaluation of Warning Properties: Since the odor 

of each of the main constituents of petroleum naphtha is 

detectable at concentrations below the respective per­

missible exposure limi15, petroleum naphtha is treated u 

a material with adequate warning properties. 

MONITORING AND MEASUREMENT 

PROCEDURES 

• General 
Measurements to determine employee exposure are best 

taken so that the average eight-hour exposure is based 

on a single eight-hour aample or on two four-hour 

samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 

exposure level. Air samples should be taken in the 

employee's breathing zone (air that would most nearly 

represent that inhaled by the employee). 

• Method 
Sampling and analyses may be performed by collection 

of petroleum distillates vapors using an adsorption tube 

with subsequent desorption with carbon disulftde and 

gas chromatographic analysis. Also, detector tubes cer­

tified by NIOSH under 42 CFR Part 84 or other direct­

reading devices calibrated to measure petroleum distil­

lates may be used. An analytical method for petroleum 

distillates is in the .\"JOSH Manual of Analytical Meth­

ods. 2nd Ed., Vol. 3. 1977. available from the Govern­

ment Printing Office. Washington, D.C. 20402 (GPO 

No. 017-033-00261-4) 

RESPIRATORS 

• Good industrial hygiene practices recommend that 

engineering controls be used to reduce environmental 

concentrations to the permissible exposure level. How­

ever, there are some exceptions where respirators may 

be used to control exposure. Respirators may be used 

when engineering and work practice controls are not 

technically feasible, when such controls are in the 

process of being installed, or when they fail and need to 

be supplemented. Respirators may also be used for 

operations which require entry into tanks or closed 

vessels, and in emergency situations If the use of 

respirators is necessary, the only respirators permitted 

are those that have been approved by the Mine Safety 

and Health Administration (formerly Mming Enforce­

ment and Safety Administration) or by the National 

Institute for Occupational Safety and Health 

• In addition to respirator selection, a complete respira­

tory protection program should be instituted which 

includes regular training, maintenance, inspection, 

cleaning. and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 

use impervious clothing, gloves, face shields (eight-inch 

/ 



minimum), and other appropnate protective clothmg 

oecessary to prevent repeat"'i or prolonged skin contact 

with liquid petroleum distillates. 

• Clothing wet with liquid petroleum distillates should 

be placed in closed containers for storage until it can be 

discarded or until provision is made for the removal of 

petroleum distillates from the clothing. If the clothing is 

to be laundered or otherwise cleaned to remove the 

petroleum distillates, the person performing the oper­

ation should be informed of petroleum distillates' haz­

ardous properties. 

• Any clothing which becomes wet with liquid petro­

leum distillates should be removed immediately and not 

rewom until the petroleum distillates are removed from 

the clothing. 
• Employees should be provided with and required to 

use splash-proof safety goggles where liquid petroleum 

distillates may contact the eyes. 

SANITATION 

• Skin that becomes wet with liquid petroleum distil­

lates should be promptly washed or showered with soap 

or mild detergent and water to remove any petroleum 

distillates. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 

which exposure to petroleum distillates may occur and 

control methods which may be effective in each case: 

Operation 

Uberation during 
degreasing operations 

Use as solvents in 
rubber industry during 
manufacture of water­
proof cloth, shoe 
adhesives, and rubber 
tires 

Use as exfractants: use 
in preparat1on of paint. 
varnish, and lacquer as 
solvents, diluents, or 
thinners; use as 
solvents in pesticides 

Use during dry cleaning 
operations 

Controls 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protective 
equipment 

General dilution 
ventilation; local 
exhaust ventilation; 
personal protect1ve 
equipment 

General dilution 
ventilat1on; local 
exhaust ventilation, 
personal protective 
equipment 

General dilution 
ventilation; local 
exhaust ventilation: 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute lint aid proce­

dures and send for fmt aid or medical IWistance. 

• Eye Esposare 
If petroleum distillates get into the eyes, wash eyes 

immediately with large amounts of water, lifting the 

lower and upper lids occasionally. If irritation persists 

after washing, get medical attention. Contact lenses 

should not be worn when working with these chemi­

cals 
• Skin Exposure 
If petroleum distillates get on the skin, promptly wash 

the contaminated skin usirg soap or mild detergent and 

water. If petroleum distillates soak through the cloth­

ing, remove the clothing immediately and wash the skin 

using soap or mild detergent and water. If irritation 

persists after washing, get medical attention. 

• Breathing . 
If a person breathes in large amounts of petroleum 

distillates, move the exposed person to fresh air at once 

If breathing has stopped, perform artificial respiration. 

Keep the affected person warm and at rest. Get medical 

attention as soon as possible. 
• Swallowing 
If petroleum distillates have been swallowed, do not 

induce vomiting. Get medical attention immediately. 

• Rescue 
Move the affected person from the hazardous exposure. 

If the exposed person has been overcome, notify some­

one else and put into effect the established emergency 

rescue procedures. Do not become a casualty. Under­

stand the facility's emergency rescue procedures and 

know the locations of rescue equipment before the need 

arises. 

SPILL, LEAK, AND DISPOSAL 
PROCEDURES 

• Persons not wearing protective equipment and cloth­

ing should be restricted from areas of spills or leaks until 

cleanup has been completed. 
• If petroleum distillates are spilled or leaked, the 

following steps should be takenc 
1. Remove all ignition sources 

2. Ventilate area of spill or leak. 
3. For small quantities. absorb on paper towels Evapo­

rate in a safe place (such as a fume hood) Allo" 

sufficient time for evaporating vapors to complete]~ 

clear the hood ductwork. Bum the paper in a suitable 

location away from combustible materials. Large quan­

tities can be collected and atomized in a suitable com­

bustion chamber. Petroleum distillates should not be 

allowed to enter a confined space, such as a sewer, 

because of the possibility of an explosion 
• Waste disposal method, 
Petroleum distillates may be disposed of by atomizing in 

a suitable combustion chamber. 
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RESPIRATORY PROTECTION FOR PETROLEUM DISTILLATES (NAPHTHA) 

Condition 

Vapor Concentration 

1000 ppm or less 

5000 ppm or less 

10,000 ppm or less 

Greater than 10,000 ppm or 
en:ry and escape from 
unknown concentraltons 

F~re Fighting 

Escape 

Minimum Respiratory Protection• 

Required Above 500 ppm 

A chemical cartridge respirator with a full facepiece and an organic vapor 

cartridge(s). 

A gas mask with a chin-style organic vapor canister. 

A gas mask with a front- or back-mounted organic vapor canister. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full tacepiece operated in pressure-demand or other pos,l!ve pressure or continu­

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode 

Self-contained breathing apparatus with a full facepiece operated in pressure· 

demand or other positive pressure mode. 

Any gas mask providing protection against organic vapors. 

Any escape self-contained breathing apparatus. 

•only NIOSH-approved or MSHA-approved equipment should be used. 
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ARSENIC 

Executive Summary 

CAS NUMBER: 07440-38-2 
Arsenic is a silver-gray or tin-•.:r:lte) 

brittle element possess1ng both metallic and 
non-metallic (metalloid) properties. Arsenic 
exists in the +5, +3, O, and -3 oxidation Sltes, 
and its compounds may be classified accordu.g to 
the oxidation state and according to ~•tether 

arsen1c is in the organ1c or inorganic form. 
Arsenic is prepared commercially by the red:..:.:tion 
of arsenic trioxide or by direct smelting of the 
minerals arsenopyrite (FeAsS) and loelligite 
(FeAs

2
). Arsenic trioxide is the most common 

form of commercially prepared arsenic, although 
there are about 50 arsenic compounds produced in 
the U.S. Most of the arsenic used in the l.S. is 
imported from Sweden, with 1978 imports estimated 
at 335,000 kg. Arsenic and its compounas are 
used in the manufacturing of glass, cloth and 
semiconductors, as fungicides and wood preserva­
tives, in metal hardening and in various agricul­
tural and veterinary applications. federal 
regulations require the reporting of spills over 
5,000 pounds for the folloY.'ing arsenic compounds: 
arsenic disulfide, arsenic pentoxide, arsenic 
trichloride, arsenic trioxide, and arsenic trisul­
fide. North Carolina requires the reporting of 
all spills of these compounds if they occur near 
water. 

Health Effects 
ACUTE. The acute toxic effects of arsenic 

usually follow the ingestion of inorganic arsenic 
compounds. Signs and symptoms may vary acccrding 
to the amount and form involved, but the major 
characteristics of acute poisoning include pro­
found gastrointestinal damage and cardiac abnor­
malities, shock and death. 

CARCINOGENICITY. There is substantial 
evidence that atmospheric arsenic is a human 
carcinogen. Epidemiological studies ha...-e re­
vealed a marked elevation in respiratory cancer 
rates for workers exposed to lead arsena:.e and 
calcium arsenate. 

11\JTAGENICITI. Exist1.ng data are inc:nclu-
sive with regard to arsenic's ability LG cause 
mutations, although arsen1.c compounds do 1nduce 
chromosomal aberrations 1.n mammalian cells. 

TERATOGENICITY AND EMBRYOTOXICITY. Sodium 
arsenate has been found to cause birth defc:ts in 
chicks and mice. 

CHRONIC. Inhalation of inor.1'anic 
cause of 

acsen1.c 
cr..ron1c compounds is the most corrunon 

arsenic poison1.ng. Symptoms 
loss of appetite, nause" and 
inal disturbances. most of 

1.nclude wea~~ness, 

otner ?astro:~test­
y;hich subside ~o.'hell 

exposure is halted. 

Occupational 
arseni.r) 

ACGIH: 

~JOSh. 

Health Hegulat1on~ (fc el ec:=-_::nta 1 

ThP Threshold l..:iJni~ 

for workroo~ i:llr lb ~~u 11g• m as 

The standard for ~o,orKroum ~- · 1s _ 

pgjcu m ll.norgan{c arsen1c. as a 
L1.me-we1ghte~ av(ri:lg• 

Prepared Jun0 102: 

OSHA: The standard for 
500 pg/ cu m as 
average. 

workroom air is 
a time-weighted 

Routes of Human Exposure 

A partial list of occupations in which exposure 
may occur includes: 

Alloy makers 
Aniline color makers 
Arsenic workers 
Babbitt metal workers 
Brass makers 
Bronze makers 
Ceramic enamel makers 
Ceramic smelters 
Copper smelters 
Drug makers 
Dye makers 
Enamels 
Fireworks makers 
Gold refiners 
Herbicide makers 
Hide preservers 
Insecticide makers 

Lead shot makers 
Lead smelters 
Leather workers 
Painters 
Paint makers 
Petroleum refinery workers 
Pigment makers 
Printing ink workers 
Rodenticide makers 
Semiconductor 

Makers 
Silver refiners 
Taxidermists 
Textile printers 
Tree sprayers 

compound 

Type metal workers 
Water weed controllers 
Weed sprayers 

AMBIENT. Arsenic is ubiquitous in the 
environment, usually in very low concentrations. 
Elevated levels occur as a result of runoff, 
drainage or contamination from arsenic-rich soils 
or rocks. Ambient exposure is not considered to 
be a significant health threat to humans. 

CONSUMER. Arsenic can be present in small 
amounts in food as a result of contamination or 
as a residue of lead or calcium arsenate used as 
insecticides, particularly on potatoes and fruit. 
The estimated average daily consumption of arsen­
ic from food is calculated to be 0.15-0.40 mg/ 
person. 

Environmental Significance 
Arsenic accumulates in sediments, animal~ 

and plants at lower trophic levels. Marine orga­
nisms have the highest concentrations of arsenic 
found in living organisms. It is mobile in the 
aquatic environment to the extent that it 1s 
metabolized by a number of organisms to organic 
arsenicals. For freshwater aquatic life th~ 

concentration of total recoverable trivalent 
1.norganic arsemc should not exceed 440 )-lg/cu n1 

at any time. 

Recommended Revie~o.'.s 

Committee·on Medical and Biologic Effects o~ 
Environmenta 1 Pollutants, Arsenic, Nati onJ J 
Academy of Sciences, 'Washingto~-ls-: i 

Technical and Microelect on1.c Analvsis. Task Ill-
Arsen1r and lls Compound 

Final i\e)IO;t ( 1 q t-: \ EPA )6Ci/f>-7f,-(J]r, 



F!I{ST AID AND EMERGENCY RESPONSE INFORMATION 

ARSENIC 

First Aid (U.S. DOT Emergencv Response Guidebook, 
1_9_1l_()] 

Eyes: 

Inha-

At· sine 

Flush eyes '"'l th running 
water for at least 15 
minutes, lifting upper 
and lower lids occa 
sionally. 

Seek immediate medical 
lation attention. t'!ove vic• 

tim to fresh air. Give 
artificial respiration 
if victim has stopped 
breathing. G~ve oxy­
gen if breathing 1S 

difficult. 

Ingestion: 

Arsenic and Ar­
senic Compounds 

Flush \o:ith rur:­
Dl-ng ¥:ater for 
15 minutes, 
lifting upper 
and lo.,.oer lids 
occasionally. 

Same as for Ar­
slne. Keep vic­
tim quiet and 
maintain normal 
body temperature. 

Give large 
amounts of \o.'ater 
follo..,'ed by 
milk. Do not 
induce vomiting. 
Seek immediate 
medical atten­
tion. 

Skin: Remove and isolate con- Same as for Ar­
taminated clothing and SJ.ne. 
shoes. Wash exposed 
area with soap or mild 
detergent. lf irrita-
tion persists. seek 
medical attention. 

Spills and Leaks (U.S. 
Guidebook, 1980) 

DOT Emergencv Response 

Arsine 
Arsenic and ArsenJ.c 
Compounds 

lsulate hazard area and 
deny entry. Stay up~>.'u .. : 

Isolate hazard area anc 
deny entry. Evacuate 
area endangered by gas 
Stay upwind and keep 
out of low ar~as. 

Wear positive pcessure 
breath1ng apparatus 
and full protective 
clothing. Isolate ior 
~ mile in all direc­
tions ii t.1.nkcar is 
involved in fire. Nt' 
flares, smok1ng or 

and keep out of low areas. 
~ear positive pressur~ 

bt·eathing apparatus and 
special protective clothing. 
D-: not touch spilleG 
m.Jlt·rial. ::,top leak:: 

flames in haz~rd ar~J 
Stop leaJ.: 1f 1 t L2!1 
be done willtoul r1s~; 

Dse wal~r s~1rav tc· J•-

duce vavors hut dt· !l' · 

1 t can be ciune >-:i the,:_:. 

r::;r;. Use •-:ate~ spr-a:: 
to reduce Y2~"~rs 

put ~-.·aLer on l("al\ area. ::,:·:..~.l.L S_h:_:_::,_ .,:,r.£: 

-2f--

Spills and Leaks (Continued 

combustible, absorbent 
material, then flusl1 area 
with V.'aler. 
SMALL DRY SPILLS: Shovel 
into dry containers and 
cover; move containers; 
then flush area v.·ith water. 
LARGE SPILLS: Dike far 
ahead of spill for later 
disposal. 

fjre and Explosion Information 

Arsine 
Extremely flammable. 
May be ignited by 
heat, sparks and 
flames. Flammable 
vapor may spread 
away from spill. 
Container may explode 
in heat of fire. Va­
por explosion hazard 
indoors, outdoors and 
in sewers. Let burn 
unless fire can btc 
stopped inunediate] y. 

SMALL FIRES: Dry 
chemical or C0

2 

LARGE FIRES: Water 
spray, fog or foam 

Move container from 
fire drea if it can be 
done without risk. Stay 
away from the ends of 
tanks and wi thdra"' 
immediately in case of 
rising sound from 
venting safety deviL~ 
or discoloration of lank. 

Arsenic and Arsenic 
Compounds 
Some of these materials 
may burn but do not ignite 
readily. Cylinder may 
explode in heal of flre. 
Move container from fire 
area if it can be done 
without risk. Fight fire 
from maximum safe distance. 

Dry chemical, C02, ~-.·ater 

spray or foam. 

Water spray, fog or foam 

M.A.TERIAL TU AVOID (for Arsine): Strong 
oxldlZers, chlonde and nitric acici. 

AR.':il!\L For levels ur to 0.5 ppn1, '-'Tin 

suppllt:o-aJl resp1rator or a se]f-vontaHJhl 
breallJlng apparatuc;. For level:-. up to:..'.~ p]Jn .. 
~>.'e:n l!1t.: dtlOVe v.·1Lh a full taceplt->Cf'. Fu1- level~. 

up ttJ tJ flJHll, v.·e;n a supy,Jieri-aLr rcsrnratc)r 
OJH:r<>C.l!!.l: J!l Lilt· pusitJ\'t' denJond, T''''1LJ\·; 
pre::c,urt· ur CG!JLJnuouo. !lc>v. lllt•dto ic>r <'S(iij!· 

:--l l 

•IJLd!J,)li<Jl(',j .JJt·d, \-.'t·d)' 

"L.! r,..,, i•:t·,,tlJlll)! 3)l!!<'l·,;L: 

( 

( 



ARSENIC AND ARSENIC COMPOUNDS: At levels up 
to 50 mg/cu m, wear a supplied-air respirator or 
a self-contained breathing apparatus with full 
facepiece. For levels up to 100 mg/cu m, wear 
the above operating in positive demand, positive­
pressure or continuous flow mode. for escape 
from a contaminated area, wear a self-contained 
breathing apparatus. 



Name': Arsenic 
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ARSENIC 

Profile 

Chemical Identification 

Alternative Names: 

Chemical Oxidation 
~~~--

Name States Formu::_a CAS Number 
Arsenic -0-- A> 07440-38-2 
Arsenic-75 
Arsenic Black 
Arsenic Pen-

toxide +5 As 7 0" 1303-28-3 
Arsenic Tri- " c 

oxide +3 As 2o
3 

1327-53-2 
Arsenic Su1-

fide +3 As 2s3 1303-33-9 
Arsanilic 

Acid Organometallic C6H
4

1rt7 As0(0H)
2 

98-50-0 
Arsine -3 ASH3 7784-42-1 
Calcium Ar-

seni:i te +5 Ca 3 (As0) 2 7778-44-1 
Dime thy la rs ini c 

Acid Organometallic (CH
3

) 2As0(0H) 0075-60-5 
Lead Ar-

senate +5 PbHAs04 7645-25-2 
Sodium Ar-

senate +5 :Ka 3Aso4 7631-89-2 
Sodium Ar-

senite +3 KaAsC ~- 7784-46-5 
Arsenic Tri-

chloride +3 AsCl_ 7784-34-1 

Chemical Abstract Services (CAS) Reg1stry 
Number: 07440-38-2 

Registry of Toxic Effects of Chemical Substances 
(RTECS) Number o CG 0525000 

Hazardous Materials Table ldentific~~ion 
Number: UN 1561 

Atomic Weight: 74.92 

Atomic Symbol: As 

Classification: An elemental rnetal~oid 

Description: A silver-gray or tl!:".-white, brit­
tle, crystalline, meLallic-looking 
substance 

Uses: Glass manufactur1n~. al~oying ager.:, 
herbicide, insectic1de, e~ectronics and 
metallurgy 

Chemical/Physic5~ Da:' 

Boiling p0111t: 613°C 
Melt1ng po1nt: 817uC 
Density: 5.7'l.7 at 14°C 
Solubility i11 water: insoluble 1n ~ater, solu~-E 

in nitr1r <>c;,-j 

JIL!HAJ\ 1'0:<~ 

Arserncal compuuuds ditier ,,:_:_:::-::-1', ~~. the1r tc: 
city. G-enerally, the trlValenl SJ-'~Cies of inc:c­
ganlc arse11H are substant1a.~ly [[::ce toxic ti:.a' 
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pentavalent compounds. Inorganic compounds are 
much more toxic than organic speCJes, some of 
which are essentially nontoxic. Most toxic of 
all species is arsine and its methyl derivatives. 
Because of its virtual insolubility in water, and 
hence in body fluids, elemental arsenic exid.bits 
low toxicity in humans. All arsenicals, l>.'ith the 
exception of arsine, disturb cell metabolism 
through the inhibition of sulfhydryl enzymP 
systems. Arsine combines \o'ith hernogloiJin to form 
a po\o'erful hemolytic poison. 

The acute toxic effects of arsenic usually follo~;' 

the ingestion of inorganic arsenical compounds, 
and are the result of severe inflammation of the 
mucous membranes and increased permeability of 
the blood "apillaries. Although signs and sym:p­
toms vary in degree and timing according to the 
amount and form involved, the major characteris­
tics of acute poisoning are profound gastnnntes­
tinal damage and cardiac abnormalities. ·~'ith 

sufficiently high doses, shock may develop rlue to 
severe fluid losses, and death may follow within 
24 hours. Survival of acute effects may be fol­
lowed by an exfoliative dermatitis and peripheral 
neutritis. 

Trivalent arsenic compounds are corrosive to the 
skin, and prolonged contact may result in a local 
erythema (redness) and blistering. Hoist mucous 
membranes are most sensitive lo the irritant 
action. Perforations of the nasal septum may 
occur as a result of exposure Lo arsenic dust. 
Arsenic trioxide and pentoxide are capable of 
producing skin sensitization and contact dermati­
tis. 

Inhalation of inorganic arsenic compounds is the 
most common cause of chronic arsenic poisoning H1 

the industrial setting. Symptoms include ~->'eak­

ness, loss of appetite, nausea and other gastroin­
testinal disturbances, most of \o'hich subside 1-.'hen 
exposure is halted. Hy-per-pigmentation of the 
skin and peripheral neuropathy mCJy ult1maLel:, 
occur (!ARC, 1980, EPA, \.'QC, 198CJ). 

The probable oral lethal dose for hw11ans is 5-50 
mg/kg, bet\o'een seven drops and OIH: tcaspoonfL,l 
for a 170 kg (150 lb.) man (TDB, 198:: · 

Arsine and its 
highly toxic of 
lion of arsine 
minutes can be 

methyl derivatives are the most 
all arsenical compounds. lnhala­
concentrations of 2S pprr· fur 

fatal. The max•n-,uJ: 1en:·l c,; 
arsine at \o'hich one could esciipe ~-.-l~-,lr! "-';(1 rr:~ 

utes without any esc:ape-JmpalJ"lllf.' o-,\'mr,lCJrl,~ 

irreversible effects 1S :;uggt-~.Led lC· t·Jt- c_, Pl-'"· 
(NlOSH, 1972) 

L.S U1·, 
C:\C, iCJD', 

Tilel't' 1~. ~'- -,\," L ,,<' 

al/fi(·C:j,hl'J-J, .:1r"' ,,_, 
carclnOt<l'll YnlrhcJ ~ 

the product1on oi 

1·1:'' 

t' li ,I; -~ ).' !.: J ~ ' 

lnsectici"lit'" 

( 
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Name: Arsenic 
CAS Number: 07440-38-2 

!ARC, 1979 

U.S. EPA, 
CAG, 1980 

containing lead 
calcium arsenate 

arsenate and 
showed a marked 

elevation in respiratory cancer 
rates based upon a retrospective 
proportionate mortality study. 

Positive for humans. 

Mutagenicity 

The evidence that arsenic compounds 
cause mutations and allied effects 
in bacteria is inconclusive. 
However, arsenic compounds induce 
chromosomal aberrations and morpho­
logical transformation in mammal­
ian cells (IARC, 1980). 

Teratogenicity and Embryotoxicity 

Sodium arsenate has been found to cause birth 
defects in chicks and mice (CAG, 1980). 

ANIMAL TOXICITY 

Arsenic poisoning produces intense abdominal 
pain, a staggering gait, extreme weakness, tremb­
ling, salivation, vomiting, diarrhea, a normal to 
sub-normal temperature and collapse. It is a 
potent capillary poison, causing shock and circu­
latory failure (Waldron, 1980). 

Acute Toxicity 

Results of lethal studies in several species are 
listed below (TDB, 1982): 

Lethal Dose or Lethal 
Route Species Concentration 
Oral 
As

2
o

5 
Rat 8 mg/kg, LD50 
Mice 55 mg/kg, LD50 

C?H.,As02 
Rat 700 mg/kg, LD50 

ASsC:a 3o8 
Rat 298 mg/kg, LD50 
Mice 794 mg/kg, LD50 

}{aAs0
2 

Rat 41 mg/kg, LD50 
CgHRAsNo3 

Rat 216 mg/kg, LDSO 
P lli s0

4 
Rat 100 mg/kg, LD50 

Inhalation 
AsH

3 
Rat 300 mg/cu m/15 min, LCLo 
Dog 400 mg/cu rn/15 nnn, LCLo 
Monkey 70 mg/cu rn/15 min, LCLo 

AsC1
3 

Mice 338 ppm/10 min. LCLo 
Cat 100 mg/ cu rn/1 hour, LCLo 

Cutaneous 
t-;aAsU

2 
Rat 150 mg/kg, LDSO 

Chronic Toxie1 ty 

kuul t Species 

Ural (As) liice 

Dose/Effect 

120 mg/kg (pregnancy); 
teratogenic effect 

Growth depression, chronic hepatitis and cirrho­
sis of the liver were noticed in rats whose diets 
contained 300 ppm Arsenic (Luckey, 1978). 

Aquatic Toxicity 

For freshwater aquatic life the concentration of 
total recoverable trivalent inorganic arsenic 
should not exceed 400 )lg/l at any time. Short­
term effects on embryos and larvae of aquatlC 
vertebrate species have been shown to occur .at 
concentrations as low as 40 pg/1. 

The available data for total recoverable 
trivalent inorganic arsenic indicate that acute 
toxicity to saltwater aquatic life occurs at 
concentrations as low as 508 .ug/1. No data are 
available concerning the chronic toxicity of tri­
valent inorganic arsenic to sensitive saltwater 
aquatic life. 

ENVIRONMENTAL DATA 

Air 
Arsenic in trace amounts (ppb) may be present 
normally in the air at various times. In areas 
remove from man-related contamination, arsenic 
concentrations in the air are less than 0. 02 
).lg/cu m, whereas in urban areas they vary from 
less than 0.01 pg/cu m to 0.16 pg/cu m. Physical 
removal from the atmosphere may occur as a result 
of rainfall; photolysis is not an important 
process in determining the fate of arsenic in the 
air (Waldron, 1980; Callahan, 1979). 

Water 
Almost all natural waters contain arsenic. 
Seawater has an average of 3-4 parts per billion; 
this concentration may be increased locally by 
industrial contamination or drainage from arsenic­
rich soils or rocks. Levels of arsenic in fresh 
waters vary widely, with high concentrations 
usually resulting from natural thermal activity, 
runoff and drainage from arsenic-contaminatect 
watersheds. Typical concentrations of arsenic in 
fresh water range from 0.5 ppb to 2.4 ppb. Host 
of the arsenic carried into water is precipate-d 
or absorbed on marine clays, phosphorites and 
hydrous oxides, resulting in sediment concentra­
tions ranging from 7-29 ppm (freshwater sample} 
(Waldron, 1980). 

Soil 
Arsenic is ubiquitous in the earth's crus: 
occurring at general levels of 2-5 ppm. Exce:·­
tionally high concentrations occur 1n or o\·::c· 
sulphide deposits where arsen1c lS present 1:-· 

relative abundance, averag1ng several hundr::-.j 
parts per million. Sedimentary rocks may hJ\"<'­
high concentrations of arsen1c, espeo.:d-1\" 
they contain manganese or iron oxides (_i--aldr~:-
1980). Arsemc enterinj; the sc,1l from tlit· uoJ­
pesticldes 1s on the decl1nc bccac,.:· u! t: 
decreased use of sod1um arsenate as a defolL~: 
and replacement of lead arsenate with carbarnal<: c 
and organophosphate~ .. 



Biotc 
Arsenic is found in all living organisms- lt is 
found in plants ""'itO concentrations ranging from 
0.01 ppm to S ppm (dry ""'eight), in earth, • .-orms at 
concentrations of 20 pp!It, and in humans at 0.3 
ppm (mostly 111 the hair and nails). Marine 
organisms have the hignest concentrations of 
arsenic found 1n living organisms, with concentra­
tions ranging from 0.5-50 ppm (lobsters). Bioac­
cumulation is most significant at. lower trophic 
levels, with high toxicity lowering overall 
accumulation by marine organisms (Callahan, 
1979). Arsenic is metabolized by a number of 
organisms to organic arsenicals, thereby Lncreas­
ing its mobility in the environment. 

Other 
Arsenic can be present in food as a contaminant. 
or as a residue of lead or calcium arsenate used 
as insecticides, particularly on potatoes and 
fruit. Arsenic was found in 3.2% of food item 
samples examined in the U.S. during a market­
basket survey, residues ranged from 0.1-4. 7 
mg/kg. Arsenic derived from insecticides has 
been detected in small quantities in tobacco 
smoke (IARC, 1973). 

INDUSTF,!AL DATA 

ProductiOE 

Production in North Carolina \oo'as reported for one 
arsenic compound in the l' .S. EPA Toxic Substances 
Control Act (TSCA) Chemical Substances Inventory: 

Arsenic acid (07775-39-4) Mineral Research, 
Concord, N.C. 
No report of product.ion volume "''as given. 
(U.S. EPA, TSCA Inventory, 1980). 

Arsenic production in the u.s. is small \oo'lth 
one major U.S. producer. Almost all of 
arsenic used in th1S ccuntry " imported 
Sweden. ImporLs for ; s 78 "'·ere est1mated 
335,000 kg (740,000 lbs) i!ARC. !980). 

Estimated U.S. Consumvtic:-. 1n 1'9/S: 

Alloying addi ti \'e 

Electronic devices 
Veterinary medicin~~ 

(!ARC, !980) 

SU percer.: 
percent 

3 percer.t 

only 
the 

from 
at 

Reported uses of arsen;:: and the corresponding 
SIC codes are listed tJei .. 

ln alloys, espcci ally r: r hardernng CoJ:r-::r and 
lead. 

In semiconductors and otr:~! e1ectron1c co~ponents 
In veterinary med~ti!Jes 

poundo 
7e special type::- c: >:L.: 

A::,, " rad1oaclJ··c· JS 
logical re::;earc·: 

(IARC, 1980, MercK, 197t 

prGGUclng arse~1c com-

__ used 

Name: Arsenic 
CAS Number: 07440-38-2 

Chemical synthesis, analytical reagent 28 
(Arsenic acid, pentoxide, trioxide, 
sodium arsenate, trichloride) 

Pesticides, including herbicides, 2879 
insecticides, fungicides, rodent-
icicles and cotton defoliants: 
(trioxide, pentoxide, calcium 
arsenate and arsenite, sodiwn 
arsenate and arsenite, potassium 
arsenate, dimethyl arsonic acid, 
methane arsonic acid and its sodium 
salt, zinc metaarsenite) 

Ph a rma ceutica l s 
(Arsenilic acid, arsonoacetic acid 
disodium salt, ethane arsonic acid, 
lead arsenate, potassium arsenate, 
sodium arsenite, diammonium arsenate, 
arsenic trioxide) 

Semiconductors 
(trisulfide, arsine gas, gall1um 
arsenide, indium arsenide) 

Wood preservatives 
(pentoxide, sodium arsenate and arsenite) 

Corrosion inhibitor 
(sodium arsenite) 

Leather tanning 

-20:.-

(trisulfide, trioxide, potassium 
arsenate, sodium arsenite) 

Textile dyes, mordants 
(trioxide, sodium arsenite, potas­
sium arsenate) 

Pigments 
(trisulfide, disulfide, pentasulfide, 
sodium arsenite) 

Glass, lenses, ceramics, mirrors 
(trisulfide, trioside, hemisolenide, 
pentoxide, trichloride potassium 
arsenite, cobaltous arsenate) 

Pyrotechnics (trisulfide) 
Adhesives (Pentoxide) 
Metallurgy (trioxide) 
Paper (potassium arsenate) 
(IARC, 1980, Merck, 197(;) 

RESEARCH AND REGULATORY DATA 

Existing Guidelines and Standards 

Ambient Air 
Under evaluation for possible designation as a 
Hazardous Air Pollutant by the U.S. Environmental 
Protection Agency. 

\o.'orkroom At r 

ACGIH The Threshold Limit Value lTL\') esL:d·­
lished by the American Collferencf c.J 
Governmental 1ndustnal Hygienlst:­
lACGlli i for "''orknwn1 a1r is :!(J(J )J;siuJ r.­
as a lime-wei~ht~d avcr.J•'· 

Tilt- t\:oLlOn:JJ Jn!,llllJ[I 'j i'CCI'J•cJ~J·'L.: 

Sait'LV and HedltL (h'lUShJ rel·onuncrJd"o 
standard oi 2 pg/cu m as a t.LnJc·­
weighted avera~; 

( 

( 



~arne: Arsenic 
CAS Number: 07440-38-2 

OSJL; The Occupational 
Administration's 

Safety and Health 
(OSHA) standard for 

workr-oom air is 500 ).lg/cu m as a time­
weighted average. 

Water 
Addressed by National Interim Primary Drinking 
Water Regulations set by the U.S. Environmental 
Protection Agency. 

Addressed by Ambient Water Quality Criteric set 
by the U.S. Environmental Protection Agency. 

Designated a toxic pollutant by the U.S. Ec_·-::_rcn­
mental Protection Agency. 

Other 
Regulated as a hazardous material by tt:e U.S. 
Department of Transportation. 

Regulated as a hazardous waste under the Hazard­
ous Waste Management System by the U.S. Environ­
mental Protection Agency. 

Addressed by Rebuttable Presumption 
Registration (RPAR) through the U.S. 
mental Protection Agency. 

Against 
Em• iron-

Agencies Concerned with this Chemica~ 

Subject 
tional 

of a monograph prepared 
Agency for Research on 

by the Intr=~na­

Cancer (l.4...ft.C). 

Addressed by a development plan prepared by the 
Interagency Regulatory Liaison Group (IRLG). 

Addressed by a National Toxicology Program (hlP) 
Executive Summary and included in the list of 100 
compounds nominated for NTP testing. 
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Occupational Health Guideline for 
Soluble Barium Compounds (as Barium) 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

APPLICABiliTY 

The general guidelines contained in this document 
apply to all soluble barium compounds. Physical and 
chemical properties of several specific compounds are 
provided for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Barium nitrate 

• Formula: Ba(NO,), 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

Barium oxide 

• Formula: BaO 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

Barium carbonate 

• Formula: BaCO, 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

Barium chloride 

• Formula: BaC!, 
• Synonyms: None 
• Appearance and odor: Odorless white solid. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for soluble barium com­
pounds is 0.5 milligram of soluble barium compounds 
per cubic meter of air (mg/m') averaged over an eight­
hour work shift. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Soluble barium compounds can affect the body if they 
are inhaled or if they come in contact with the eyes or 
skin. They can also affect the body if they are swal­
lowed. 
• Effects of overexposure 
1. Shon-term Exposure: Soluble barium compounds may 
cause local irritation of the eyes, nose, throat, bronchial 
tubes, and skin. Soluble barium compounds may also 
cause severe stomach pains, slow pulse rate, irregular 
heart beat, ringing of the ears, dizziness, convulsions, 
and muscle spasms. Death may occur. 
2. Long-term Exposure: None known 
3. Reponing Signs and Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to soluble 
barium compounds. 
• Recommended medical surveillance 
The following medical procedures should be made 
available to each employee who is exposed to soluble 
barium compounds at potentially hazardous levels: 
I. Initial Medical Examination: 

-A complete history and physical examination: The 
purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami­
nation of the heart, lungs. and nervous system should be 
stressed. The skin should be examined for evidence of 
chronic disorders. 

-14" x IT' chest roentgenogram: Soluble barium 
compounds cause human lung damage. Surveillance of 
the lungs 1s indicated 

These recommendations reflect good industrial hyg1ene and medical surveliiance pract1ces and the1r 1mplementat1on will 
ass1st 1n ach1eving an effective occupational health program. However. tney may not be suff1c1ent to ach1eve compliancE: 

with al1 requ1rements of OSHA reg~lat,or>s 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICEc, 
Pubi1C Health Serv1ce Centers lor D1sease Contra, 
Nauonal lnstttute for Occupational Safety and Health 

U.S. DEPARTMENT OF LABOF! 
Occ;;patlonal Saiery and Health Aam1n1strauor 



-FVC and FEY (1 sec): Soluble barium compounds 
are respiratory irritants. Persons with impaired pulmon­
ary function may be at increased risk from exposure. 
Periodic surveillance is indicated. 

-Electrocardiogram: Barium compounds may cause 
cardiac arrhythmias and may have a direct effect on the 
cardiac muscle. Periodic surveillance of the heart is 
indicated. 
2. Periodic Medical Examination: The aforementioned 
medical examinations should be repeated on an annual 
basis, except that an x-ray is necessary only when 
indicated by the results of pulmonary function testing. 
or by signs and symptoms of respiratory disease. 
• Summary of toxicology 
Soluble barium salts cause severe gastroenteritis and 
systemic effects by ingestion. Intravenous injection of 
barium compounds in animals causes a strong, pro­
longed stimulation of muscle resulting in hyperperistal­
sis, bladder contraction, vasoconstriction, and irregular 
contraction of the heart followed by arrest in systole. 
Animals also exhibit stimulation of the central nervous 
system followed by paralysis. Ingestion of barium car­
bonate by humans causes gastroenteritis, muscular pa­
ralysis, slow pulse rate, extrasystoles, and hypokalemia. 
Heavy industrial exposure to dusts of barium sulfate or 
barium oxides may produce a benign pneumoconiosis, 
termed baritosis. It results in no impairment of ventila­
tory function, although signs of mild bronchial irritation 
may occur. Characteristic x-ray changes are those of 
small, dense, circumscribed nodules evenly distributed 
throughout the lung fields, reflecting the radio-opacity 
of the barium dust. Bronchial irritation has been report­
ed from the inhalation of barium carbonate dust. Barium 
hydroxide and barium oxide are strongly alkaline in 
aqueous solution, causing severe burns of the eye and 
irritation of the skin. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data-Barium nitrate 
1. Molecular weight: 261.4 
2. Boiling point (760 mm Hg): Greater than 592 C 

(greater than 1098 F) (decomposes) 
3. Specific gravity (water = 1 ): 3.24 
4. Vapor density (air = 1 at boiling point of barium 

nitrate): Not applicable 
5. Melting point: 592 C (1098 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

9.2 
8. Evaporat10n rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Barium oxide 

l. Molecular weight: 153.3 
2. Boilmg point (760 mm Hg): 2000 C (3632 F) 
3. Specific gravity (water= 1): 5.7: 
4. Vapor density (atr =- l at boiling pomr of ban urn 

oxide): Not apphcablt 
5. Melting pomt: 1921 C (3490 F) 

2 Soluble Barium Compounds (as Banum) 

6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Reacts 
8. Evaporation rate (butyl acetate = 1): Not applica-

ble ( 
• Physical data-Barium carbonate 

l. Molecular weight: 197.3 
2. Boiling point (760 mm Hg): 1300 C (2372 F) 

(decomposes' 
3. Specific gravity (water= 1): 4.25 
4. Vapor den.sity (air = 1 at boiling point of barium 

carbonate): Kot applicable 
5. Melting point: Decomposes at 1300 C (2372 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

0.0022 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Barium chloride 

l. Molecular weight: 208.3 
2. Boiling point (760 mm Hg): 1560 C (2840 F) 
3. Specif1c gravity (water= I): 3.86 
4. Vapor density (air = I at boiling point of barium 

chloride): Not applicable 
5. Melting point: 963 C (1765 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

36 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Reactivity 

1. Condition.s contributing to in.stability: For barium 
nitrate, elevated temperatures may cause melting and 
decomposition; for the other compounds, none hazard­
ous. 

2. Incompatibilities: Contact of barium oxide with 
water, carbon dioxide, or hydrogen sulfide may cause 
fires and explosions. Contact of barium carbonate with 
acids causes formation of carbon dioxide gas that may 
cause suffocation in enclosed spaces. Contact of barium 
nitrate with organic matter and combustible materials 
may cause fires and explosions. 

3. Hazardous decomposition products: Toxic gases 
and vapors (such as oxides of nitrogen and carbon 
monoxide) may be released in a fire involving barium 
nitrate. 

4. Special precautions: None 
• Flammabili ry 

1. Flash point: Not applicable 
2. Auroignirion temperature: For barium nitrate, data 

not available: for the the other compounds, not applica~ 
ble 

3. Flammable limns in air, % by volume: Not appli~ 
cable 

4. Extinguishant: Large amounts of water should be 
used on adiacent fire-
• \\:arning propert!t~ 
Accordmg to Gram, oanum chlonoe causes "consider­
able iritis. which subsides in a few days" when "tested 
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in neutral 0.08 to 0.1 M solution on rabbit eyes by 
injection into the cornea or by droppmg for 10 minutes 
on the eye after the corneal epithelium was removed to 
facilitate penetration." Grant states that "both the oxide 
and hydroxide are capable of causing severe alkali burns 
of the eye, similar to those produced by calcium hy­
droxide." 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time inter.·al samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 
• Method 
Sampling and analyses may be performed by collection 

on a cellulose membrane filter followed by leaching in 

hot water, solution of sample in actd, and analysis in an 

atomic absorption spectrophotometer. An analytical 

method for soluble barium compounds is in the NJOSH 

Manual of Analytical Methods. 2nd Ed., Vol. 3, 1977, 

available from the Government Printing Office, Wash­
ington, D.C. 20402 (GPO No. 01--033-00261-4). 

RESPIRATORS 

• Good industrial hygiene pracuces recommend that 
engineering controls be uaed to reduce environmental 
concentrations to the permissible exposure level. How­
ever, there are some exceptions where respirators may 
be uaed to control exposure. Respirators may be used 
when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators !Il2y also be used for 
operations which require entry mro tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce­
ment and Safety Administration~ or by the National 
Institute for Occupational Safety and Health 
• In addition to respirator select12lt. a complete respira­
tory protection program shoul.: be instituted which 
includes regular training, ma::-.::enance. mspecuon, 

cleaning. and evaluation 

PERSONAL PROTECTIVE EQUIPMENT 

• Empioyees should be p'ro\'ld~..: ~,..,-nn and reoUlred w 
use tmperviOus ciothmg, glo1.·es. ,-.::..:.:e sh1elds teight-mch 

minimum). and other appropnate protective clothmg 
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necessary to prevent repeated or prolonged skin contact 
with barium carbonate, barium chloride, barium nitrate, 
or liquids containing these compounds. 
• Employees should be provided with and required w 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothmg 
necessary to prevent skin contact with barium oxide or 
liquids containing barium oxide, where skin contact 
may occur. 
• If employees' clothing has had any possibility of 
being contaminated with barium carbonate. barium 
chloride, barium nitrate, barium oxide, or liquids con~ 
taining these compounds, employees should change into 
uncontaminated clothing before leaving the work prem­
ises. 
• Clothing contaminated with barium carbonate, 
barium chloride, barium nitrate, or barium oxide should 
be placed in closed containers for storage until it can be 
discarded or until provision is made for the removal of 
contaminant from the clothing. If the clothing is to be 
laundered or otherwise cleaned to remove the contami­
nant, the person performing the operation should be 
informed of contaminant's hazardous properties. 
• Where exposure of an employee's body to barium 
oxide or liquids containing barium oxide may occur, 
facilities for quick drenching of the body should be 
provided within the immediate work area for emergen­
cy use. 
• Non-impervious clothing which becomes contami­
nated with barium carbonate, barium chloride, barlum 
nitrate, or barium oxide should be removed promptiy 
and not reworn until the contaminant is removed from 
the clothing. 
• Employees should be provided with and required to 
use dust- and splash-proof safety goggles where there is 
any possibility of barium oxide or liquids contaimng 
barium oxide contacting the eyes. 
• Employees should be provided with and required to 

use dust- and splash-proof safety goggles where barium 
carbonate, barium chloride, barium nitrate, or liquids 
containing these compounds may contact the eyes.. 
• Where there is any possibility that employees' eyes 

may be exposed to barium oxide or liquids contammg 

barium oxide. an eye-wash fountain should be prov1ded 
within the immediate work area for emergency use. 

SANITATION 

• Workers subject to skin contact with barium oxide or 
iiquids containing barium ?Xide should wash any area~. 

of the body which may have contacted barium ox lei.;.: a·1. 

the end of each work da~ 

• Skin that becomes contammated with banum cart'un­

ate. barium chlonde. or banum nitrate shouh~ [': 

promptly washed or showered to remove any com_,.-,-, 

nan!. ln the ca-':.e of banum carbonate, emf'ln~ er._''- ~!· 

u~c soar or mild detergenl anci \\"3lr._'r il\r \va~; :;:~ 

purpose~ 

Soluble Barium Compounds {as Barium} 3 



• Skin that becomes contaminated with barium oxide 
should be promptly washed or showered to remove any 
barium oxide from the skin after all obvious amounts of 
barium oxide have been removed by other means (e.g., 
by use of oil or vaseline). Employees who are being 
burned by barium oxide should immediately utilize 
quick drenching facilities without first removing barium 
oxide by other means. 
• Eating and smoking should not be permitted in areas 
where solid barium carbonate, barium chloride, barium 
nitrate, or barium oxide, or liquids containing these 
compounds are handled, processed, or stored. 
• Employees who handle barium carbonate, barium 
chloride, barium nitrate, barium oxide, or liquids con­
taining these compounds should wash their hands thor­
oughly before eating, smoking, or using toilet facilities. 
In the case of barium carbonate, employees should use 
soap or mild detergent and water for washing purposes. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to soluble barium compounds may 
occur and control methods which may be effective in 
each case: 

Operation 

Manufacture and 
distribution of soluble 
barium compounds 

Use in manufacture of 
pressed and blown 
glasssware and flint and 
crown optical glass; 
manufacture of ceramic 
products; use in 
electronics industry in 
manufacture of 
magnets, vacuum 
tubes, cathodes, x-ray 
fluorescent screens, TV 
picture tubes, and dry 
cell depolarizers 

Use in manufacture of 
photographic papers, 
dyes, and chemicals 

Use as pestic1des, 
rodenticides, and 
disinfectants; use 1n 
manufacture of 
explosives, matches. 
and pyrotechnics as 
igniter compoSiliOns 
and fireworks 

Controls 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

4 Soluble Banum Compounds (as Barium) 

Operation 

Use as an additive in 
manufacture of grease, 
and manufacture of 
lubricating oils; use in 
refining of vegetable 
and animal oils 

Use in case-hardening 
of steel in metallurgy; in 
welding aluminum; in 
electroplating; and in 
aluminum and sod1um 
refining 

Use in water treatment 
and boiler compounds 
for softening water; use 
as catalysts, analytical 
reagents, and purifying 
agents 

Use for treatment of 
textiles, leather, and 
rubber; use in 
manufacture of paper 
and cellulose as a 
bleaching agent; use in 
manufacture of 
pigments, colors, and 
lakes 

Use as a depilatory in 
processing of hides; as 
a fire-proof and 
extinguishing agent; in 
embalming; in sugar 
refining; in gas and 
solvent drying; in 
marble substitutes; in 
valve manufacture; and 
as a smoke 
suppressant in diesel 
fuels 

Use in manufacture of 
pigments, paints, 
enamels, and printing 
inks 

Controls 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

Process enclosure; 
local exhaust ventilation 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institUte first aid proce­
dures and send for first aid or medical assistance. 
,. Eye Exposure 
If solutions of barium compounds get into the eyes, 
wash eyes immediately with large amounts of water. 
lifting the iower and upper lids occasionaliy. Get medi­
cal attenuon Immediately. Contacr lenses should not be 
worn when working with these chemicals. 
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• Skin Exposure 
If solutions of barium compounds get on the skin, 

immediately flush the contaminated skin with water. If 

solutions of barium compounds soak through the cloth­

ing, remove the clothing immediately and flush the skin 

with water. If irritation persists after washing, get 

medical attention. 
• Breathing 
If a person breathes in large amounts of soluble barium 

compounds, move the exposed person to fresh air at 

once. If breathing has stopped, perform artificial respi­

ration. Keep the affected person warm and at rest. Get 

medical attention as soon as possible. 
• Swallowing 
When soluble barium compounds have been swallowed 

and the person is conscious, give the person large 

quantities of water immediately. After the water has 

been swallowed, try to get the person to vomit by 

having him touch the back of his throat with his finger. 

Do not make an unconscious person vomit. Get medical 

attention immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 

If the exposed person has been overcome, notify some­

one else and put into effect the established emergency 

rescue procedures. Do not become a casualty. Under­

stand the facility's emergency rescue procedures and 

know the locations of rescue equipment before the need 

arises. 

SPILL AND DISPOSAL PROCEDURES 

• Persons not wearing protective equipment and cloth­

ing should be restricted from areas of spills until cleanup 

has been completed. 
• If soluble barium compounds are spilled, the follow­

ing steps should be taken: 
I. Ventilate area of spill. 
2. Collect spilled material in the most convenient and 

safe manner and deposit in sealed containers for recla­

mation or for disposal in a secured sanitary landfill. 

Liquids containing soluble barium compounds should 

be absorbed in vermiculite, dry sand, earth, or a similar 

material. 
• Waste disposal method: 
Soluble barium compounds may be disposed of in sealed 

containers in a secured sanitary landfill. 
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RESPIRATORY PROTECTION FOR SOLUBLE BARIUM COMPOUNDS (AS BARIUM) 

Condition 

Particulate Concentration 

2.5 mg/m' or less 

5 mg/m' or less 

25 mg/m' or less 

250 mg/m' or less 

Minimum Respiratory Protection* 
Required Above 0.5 mg/m' 

Any dust and mist respirator, except single-use.· • 

Any dust and m1st respirator, except single-use or quarter-mask respirator. 

Any fume respirator or high efficiency particulate filter respirator. 

Any supplied-air respirator. 

Any sell-contained breathing apparatus. 

A high efficiency particulate filter respirator with a lulllacepiece. 

Any supplied-air respirator with a lulltacepiece, helmet, or hood. 

Any sell-contained breathing apparatus with a full tacepiece. 

A Type C supplied-air respirator operated in pressure-demand or other positive 
pressure mode or with a full facepiece, helmet, or hood operated in continuous­
flow mode. 

A powered air-purifying respirator with a high efficiency particulate filter. 

( 

Greater than 250 mg/ m' or 
entry and escape from 
unknown concentrations 

Self-contained breathing apparatus with a full facepiece operated in pressure- ( 
demand or other positive pressure mode. 

Fire Fighting 

Escape 

A combination respirator which includes a Type C supplied-air respirator with a 
full facepiece operated in pressure-demand or other positive pressure or continu­
ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full tacepiece operated in pressure­
demand or other positive pressure mode. 

A high efficiency particulate filter resp·~rator. 

Any escape sell-contained breathing apparatus. 

*Only NIOSH-approved or MSHA-approved equipment should be used. 

• *If eye irritation occurs, full-facepiece respiratory protective eqUipment should be use.: 
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Occupational Health Guideline for 
Cadmium Dust (as Cadmium)* 

INTRODUCTION 

Trus guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

APPLICABILITY 

Tne general guidelines contained in this document 
apply to all cadmium dust. Physical and chemical 
properties of several specific compounds are provided 
for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Cadmium metal dust 

• Formula: Cd 
• Synonyms: :Kane 
• Appearance and odor: Odorless, gray powder. 

Cadmium oxide dust 

• Formula: CdO 
• Synonyms: None 
• Appearance and odor: Odorless, brown solid or blue­
bl=ksolid. 

Cadmium sulfide dust 

• Formula: CdS 
• Synonyms: Greenockite 
• Appearance: Yellow-orange solid. 

Cadmium chloride dust 

• Formula: Cd Cl, 
• Synonyms: !\one 
• Appearance: \\'bite solid 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for cadmium dust is 0.2 
milligram of cadmium dust per cubic meter of air (mg/ 
m') averaged over an eight-hour work shift, with a 
ceiling level of 0.6 mg/m'. NIOSH has recommended 
that the permissible exposure limit be reduced to 40 
micrograms of cadmium per cubic meter of air (/-Lg/m') 
averaged over a work shift of up to 10 hours per day, 40 
hours per week, with a ceiling level of 200 ILg/m' 
averaged over a 15-minute period. The recommenda­
tions in this guideline supplement the recommendations 
in the NIOSH Criteria Document for Cadmium, which 
should be consulted for more detailed information. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Cadmium dust can affect the body if it is inhaled. It can 
also affect the body if it is swallowed. 
• Effects of overexposure 
I. Short-term Exposure: Cadmium dust may cause irrita­
tion of the nose and throat. If enough has been inhaled, 
after a delay of several hours, a person may also develop 
cough, chest pain, sweating. chills, shortness of breath, 
and weakness. Death may occur. Ingestion of cadmium 
dust may cause nausea, vomiting, diarrhea, and abdomi­
nal cramps. 
2. Long-term Exposure: Repeated or prolonged expo­
sure to cadmium dust may cause loss of sense of smell, 
ulceration of the nose, shonness of breath (emphyse­
ma), kidney damage, and mild anemia. Exposure to 
cadmium has also been reponed to cause an increased 
incidence of cancer of the prostate in man. Injections of 
cadmium sulfate in animals have been reported to cause 
malformation in their offspring. 
3. Reporting Signs and Sympwms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to 
cadmium dust. 
• Recommended medical surveillance 

-:--,ese recommendat1ons rei1ect good 1noustna! hyg1ene and med1cal surveillance pract1ces a'"l::l their implementation wil! 
a::sst 1n ach1EV'r"19 an ettect1ve occupat1onai health program. However, tney may not oe suffi::>E'lt to ach1eve compl1anc-E 

w:m a11 reau1rements of OSHA regulat:ons 

~ -5. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Pubhc Healt~ Serv1ce Centers lor D1sease Contro• 
Nahonal lnst::'-~te for Occupa\1onal Salety and Hea';h 

~ber 197< 

U.S. DEPARTMENT OF LABOF; 
Occupational Saiery ana Health Adm1msuat1of' 
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The following medical procedures should be made 
available to each employee who is exposed to cadmium 
dust at potentially hazardous levels: 
1. Initial Medical Examination: 

-A complete history and physical examination: The 
purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami­
nation of the respiratory system, liver, kidneys, pros~ 
tate, and blood should be stressed. 

-Urinalysis: Since kidney damage has been observed 
in humans exposed to cadmium, a urinalysis should be 
obtained to include, at a minimum, specific gravity, 
albumin, glucose, and a microscopic on centrifuged 
sediment. In addition, the urine should be examined for 
low molecular weight proteins by use of 3% sulfosalicy­
lic or other acceptable techniques. 

-14" x 17" chest roentgenogram: Cadmium causes 
human lung damage. Surveillance of the lungs is indi­
cated. 

-Liver function tests: Cadmium may cause liver 
damage. A profile of liver function should be obtained 
by utilizing a medically acceptable array of biochemical 
tests. 

-FVC and FEY (I sec): Cadmium is reported to 
cause decreased pulmonary function. Periodic surveil­
lance is indicated. 
2. Periodic Medical Examination: The aforementioned 
medical examinations should be repeated on an annual 
basis, except that an x-ray is considered necessary only 
when indicated by the results of pulmonary function 
testing, or by signs and symptoms of respiratory disease. 
Urine protein measurements should bt. made available 
every four months. 
• Summary of toxicology 
Cadmium dust causes both acute and chronic effects. It 
is less toxic than cadmium fume, because dust has a 
larger particle size than fume; at high concentrations of 
the dust, physiologic effects similar to those arising 
from fume exposure could be expected. The acute 
effects primarily involve the lungs but may also affect 
other organ systems. Most acute intoxications have 
been caused by inhalation of cadmium fume at concen­
trations which did not provide warning symptoms of 
irritation. The average concentrations of fume responsi· 
ble for fatalities have been 40 to 50 mg/m' for 1 hour, or 
9 mg/m' for 5 hours. Non-fatal pneumonitis has been 
reported from concentrations of0.5 to 2.5 mg/m', while 
relatively mild cases have been attributed to even lower 
concentrations. Following an asymptomatic latent 
period of 4 to 10 hours. there is characteristical naso­
pharyngeal irritation followed by a feeling of chest 
constricnon or substernal pain. with persistent cough 
and dyspnea; there may also be headache, chills, muscle 
aches, nausea. vomitmg. and diarrhea. Pulmonary 
edema may then develop and progress rapidly·, \>. ith 
decreased vital capacity and markedly reduced carb·~!ri 
monoxide diffusing capacity. Cyanosis may be intense. 
In about 20o/c of the cases the dvc.;pnea is progressl\:e. 

2 cadmium Dust (as Cadmium) 

accompanied by wheezing or hemoptysis, and may 
result in death within 7 to 10 days after exposure; at 
autopsy the lungs are markedly congested, and there is 
an intra-alveolar fibrinous exudate, as well as alveolar 
cell metaplasia. Among survivors, the subsequent 
course is unpredictable: most cases resolve slowly, but 
respiratory symptoms may linger for several weeks, 
while impairment of pulmonary function may persist for 
months. In experimental animals, cadmium exposure 
has caused pulmonary fibrosis, but this has not been 
documented in humans. In one fatal human case, in 
addition to lung abnormalities, there was renal cortical 
necrosis. Absorbed cadmium is retained to a large 
extent by the body, and excretion is very slow. Contin­
ued exposure to low levels of cadmium in air has 
resulted in chronic poisoning characterized by irrevers­
ible lung injury of an emphysematous type, with abnor­
mal lung function and urinary excretion of a specific 
low-molecular-weight protein which may be associated 
with renal dysfunction. Clinical evidence of the cumula­
tive effects of cadmium may appear after exposure has 
terminated; the disease then tends to be progressive. 
The frequency of occurrence of proteinuria increases 
with length of exposure: those exposed to cadmium 
compounds for less than 2 years had no proteinuria, 
whereas most of those exposed for 12 years or more had 
proteinuria with little other evidence of renal damage. 
The urinary excretion of cadmium bears no known 
relationship to the severity or duration of exposure and 
is only a confirmation of absorption. Other conse­
quences of cadmium exposure are rhinitis, occasional 
ulceration of the nasal septum, damage to the olfactory 
nerve, and anosmia. The long4erm ingestion of water, 
beans, and rice contaminated with cadmium has been 
proposed as the probable cause of a crippling condition 
among Japanese women who have had multiple preg­
nancies; severe pain in the back and joints, a waddly 
gait, osteomalacia, spontaneous fractures, and occasion~ 
al fatal renal failure are characteristics of the disorder, 
which has been termed "itai-itai." Subcutaneous injec~ 
tion of cadmium metal suspended in fowl serum pro­
duced rhabdomyosarcomata in rats; cadmium sulfate in 

sterile distilled water produced sarcomata; and cadmi­
um chloride solution produced pleomorphic sarcomata 
at the injection site. Increased incidence of prostatic 
cancer has been reported following occupational expo~ 
sure to cadmium. Cadmium sulfate injected into the 
lingual vein of female hamsters on day 8 of pregnancy 
caused a high incidence of resorption and malformed 
offspring: acute necrosis of rat testes follows large doses 
orally or parenterally. but testicular effects have not 
been reported in human\ 
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CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data-Cadmium metal dust 
I. Molecular weight: 112.4 
2. Boiling point (760 mm Hg): 767 C (1412 F) 
3. Specific gravity (water= 1): 8.642 
4. Vapor density (air = 1 at boiling point of cadm'· 

urn metal dust): Not applicable 
5. Melting point: 321 C (609 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Insoluble 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Cadmium oxide dust 

I. Molecular weight: 128.4 
2. Boiling point (760 mm Hg): 900 C (1652 F) (sub­

limes and decomposes) 
3. Specific gravity (water= 1): 6.95 or 8.15 
4. Vapor density (air = I at boiling point of cadmi­

um oxide dust): Not applicable 
5. Melting point: 900 C (1652 F) (sublimes and de­

composes) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

0.0005 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Cadmium sulfide dust 

I. Molecular weight: 144.5 
2. Boiling point (760 mm Hg): Sublimes in N, at 980 

C(l796F) 
3. Specific gravity (water= 1): 4.82 
4. Vapor density (air = I at boiling point of cadmi-

um sulfide dust): Not applicable 
5. Melting point: 1750 C (3182 F) at 100 atm. 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

0.0001 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Cadmium chloride dust 

I. Molecular weight: 183 
2. Boiling point (760 mm Hg): 960 C (1760 F) 
3. Specific gravity (water = 1): 4.047 
4. Vapor density (air = I at boiling point of cadmi-

um chloride dust): Not applicable 
5. Melting point: 568 C ( 1054 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 Fl 

140 
8. Evaporation rate (butyl acetate = l) Not applica­

ble 
• Reactivity 

1. Conditions comribuung to instabilny· None haz" 
ardour. 

L lncompatibiiioes: Comacr of cadmJUm metal du~· 
with strong oxidizers or with elemental sulfur, selemurr:. 
and tellurium may cause fires and explosior:.:-
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3. Hazardous decomposition products: Toxic gases 
and vapors (such as cadmiurr. oxide fume) may be 
released in a fire involving cadmium dust. 

4. Special precautions: None 

• Flammability 

l. Flash point: Not applicable 

2. Autoignition temperature: 250 C (482 F) (layer) 
(cadmium metal dust) 

3. Minimum explosive dust concentration: Data not 
available 

4. Extinguishant: Dry powder for metal fires 

• Warning properties 

Grant states that "cadmium is a very toxic metal which 
gives off fumes when burned or heated strongly. Char­
acteristically these fumes cause dryness and irritation of 
the throat, followed in a few hours by nausea and 
diarrhea. Smarting of the eyes occurs relatively infre­
quently, and no injury to the eyes of human beings has 
been reported. Neither eye nor respiratory irritation is 
enough to prevent exposures which may cause serious 
systemic poisoning and damage to the lungs." 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Eight-Hour Exposure Evaluation 

Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 

• Ceiling Evaluation 

Measurements to determine employee ceiling exposure 
are best taken during periods of maximum expected 
airborne concentrations of cadmium dust. Each mea~ 
surement should consist of a fifteen (15) minute sample 
or series of consecutive samples totalling fifteen (15) 
minutes in the employee's breathing zone (air that 
would most nearly represent that inhaled by the em­
ployee). A minimum of three (3) measurements should 
be taken on one work shift and the highest of all 
measurements taken is an estimate of the employee's 
exposure. 

• Method 

Sampling and analyses may be performed by collection 
of cadmium dust on a filter, followed by treatmem witl. 
nnric acid, solution in hydrochloric acid. and atomi-~­

aDsorptlon spectrophowmetric analysis. An anal)'til..': 
:J"Jethod for cadmwm dust i~ m the .'\'JOSH .\1anuu.' 
--Jnail'rical .Hctho( . .i'.. 2nd Ed. Voi 3. }QT. a\·ai]ai· 
::-em: the Government Pnntlllf' Off1ct. \\-:J~h:n,:::' 

D.C. 20402 (GPO No. 017-033-00261-4) 
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RESPIRATORS 

• Good industrial hygiene practices recommend that 
engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. How~ 
ever, there are some exceptions where respirators may 
be used to control exposure. Respirators ~ay be used 
when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 

.;- vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 

; are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce­
ment and Safety Administration) or by the National 
Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira~ 
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• If employees' clothing has had any possibility of 
being contaminated with cadmium dust, employees 
should change into uncontaminated clothing before 
leaving the work premises. 
• Clothing which has had any possibility of being 
contaminated with cadmium dust should be placed in 
closed containers for storage until it can be discarded or 
until provision is made for the removal of cadmium dust 
from the clothing. If the clothing is to be laundered or 
otherwise cleaned to remove the cadmium dust, the 
person performing the operation should be informed of 
cadmium dust's hazardous properties. 
• Employees should be provided with and required to 
use dust-resistant safety goggles where there is any 
possibility of cadmium chloride dust contacting the 
eyes. 

• Where there is any possibility that employees' eyes 
may be exposed to cadmium chloride dust, an eye-wash 
fountain should be provided within the immediate work 
area for emergency use. 

SANITATION 

• Workers subject to skin contact with cadmium dust 
should wash with soap or mild detergent and water any 
areas of the body which may have contacted cadmium 
dust at the end of each work day. 
• Eating and smoking should not be permitted in areas 
where cadmium dust is handled, processed, or srored. 

• Employees who handle cadmium dust should wash 
their hands thoroughly with soap or m1ld detergent and 
water before eating or smoking. 

4 Cadmium Oust (ao Cadmium) 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to cadmium dust may occur and con-
trol methods which may be effective in each case: 

Operation Controls 

Liberation from Local exhaust 
fabrication of cadmium- ventilation; personal 
plated marine, aircraft, protective equipment 
and motor vehicle 
equipment lor 
corrosion-resistant 
coatings 

Liberation during Process enclosure; 
processing of cadmium local exhaust 
metal ventilation; personal 

protective equipment 

Liberation in synthesis Process enclosure; 
of cadmium compounds local exhaust ventilation 

Liberation in Local exhaust 
manufacture and ventilation; personal 
fabrication of cadmium protective equipment 
alloys; recovery from 
flue dusts during 
smelting of lead and 
zinc operations 

Liberation during Process enclosure; 
manufacture of nuclear local exhaust ventilation 
reactor rods 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce­
dures and send for first aid or medical assistance. 
• Eye Exposure 
If cadmium dust gets into the eyes, wash eyes immedi­
ately with large amounts of water, lifting the lower and 
upper lids occasionally. If irritation is present after 
washing, get medical attention. Contact lenses should 
not be worn when working with this chemical. 
• Skin Exposure 
If cadmium dust gets on the skin, wash the contaminat­
ed skin using soap or mild detergent and water. Be sure 
to wash the hands well before eating or smoking and at 
the close of work. 
• Breathing 
If a person breathes in large amounts of cadmium dust. 
move the exposed person to fresh air at once. If 
breathing has stopped. perform artificial respiration. 
Keep the affected person warm and at rest. Get med1cal 
attention as soon as possible. 
• Swallowing 
When cadmium dust or liquids containing cadmium 
dust have been swallowed and the person is conscious, 
give the person large quantities of water immediately. 
After the water has been swallowed, try to get the 
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person to vomit by having him touch the back of his 
throat with his finger. Do not make an unconscious 
person vomit. Get medical attention immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
ans_;o.s, 

SPILL AND DISPOSAL PROCEDURES 

• Persons not wearing protective equipment and cloth· 
ing should be restricted from areas of releases until 
cleanup has been completed. 
• If cadmium dust is released in hazardous concentra­
tions, the following steps should be taken: 
I. Remove all ignition sources. 
2. Ventilate area of release. 
3. Collect released material in the most convenient and 
safe manner for reclamation or for disposal in sealed 
conainers in a secured sanitary landfill. 
• Waste disposal method: 
Cadmium dust may be disposed of in sealed containers 
in a secured sanitary landfill. 
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* SPECIAL NOTE 

The International Agency for Research on Cancer 
(!ARC) has evaluated the daia on these chemicals and 
has concluded that they cause cancer. See !ARC Mono· 
graphs on the Evaluation ~f Ccrcmogenic Risk of Chemi­
cals to Man, Volume 2. 197~. and Volume 11, 1976. 
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RESPIRATORY PROTECTION FOR CADMIUM DUST (AS CADMIUM) 

Condition 

Dust Concentration 

1 mg/m' or less 

2 mg/m• or less 

10 mg/m• or less 

40 mg/ m' or less 

Greater than 40 mg/m' or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection• 

Required Above 0.2 mg/m' 

Any dust respirator, except single-use. 

Any dust respirator, except single-use or quarter-mask respirator. 

Any high efficiency particulate filter respirator. 

Any supplied-air respirator. 

Any self-contained breathing apparatus. 

A high efficiency particulate filter respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A powered air-purifying respirator with a high efficiency particulate filter. 

A Type C supplied-air respirator operated in pressure-demand or other positive 
pressure or continuous-flow mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 
full facepiece operated in pressure-demand or other positive pressure or continu­
ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full tacepiece operated in pressure­
demand or other positive pressure mode. 

Any dust respirator, except single-use. 

Any escape self-contained breathing apparatus. 

*Only NIOSH-approved or MSHA-approved equipment should be used. 
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Occupational Health Guideline for 
Cadmium Fume 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: Cd/CdO 
• Synonyms: None 
• Appearance: Finely divided solid particles dispersed 
in air. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for cadmium fume is 0.1 
milligram of cadmium fume per cubic meter of air (mg/ 
m') averaged over an eight-hour work shift, with an 
acceptable ceiling level of 0.3 mg/m'. NIOSH has 
recommended that the permissible exposure limit be 
reduced to a time-weighted average of 40 micrograms 
cadmium per cubic meter (ug!m') with a ceiling level of 
200 ug cadmium/m' for a IS-minute period. The 
NIOSH Criteria Document for Cadmium should be 
consulted for more detailed information. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Cadmium fume can affect the body if it is inhaled. 
• Effects of overexposure 
1. Short-term Exposure: Cadmium fume causes irritation 
of the nose and throat. If enough has been inhaled, after 
a delay of several hours, a person may also develop 
cough, chest pain, sweating, chills, shonness of breath, 
and weakness. Death may occur. 
2. Long-term Exposure: Repeated or prolonged expo­
sure to cadmium fume may cause loss of sense of smelL 
ulceration of the nose, shonness of breath (emphyse-

rna), kidney damage, and mild anemia. Exposure to 
cadmium fume has also been reported to cause an 
increased incidence of cancer of the prostate in men. 
Injecnons of cadmium sulfate in animals have been 
reponed to cause malformation in their offspring. This 
effect has not been reported in humans. 
3. Reporting Signs and Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to 
cadmium fume. 
• Recommended medical surveillance 
The following medical procedures should be made 
available to each employee who is exposed to cadmium 
fume ar potentially hazardous levels: 
1. Initial Medical Examination: 

-A complete history and physical examination: The 
purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami­
nation of the respiratory system, kidneys, and blood 
should be stressed. 

-urinalysis: Since kidney damage has been observed 
in humans exposed to cadmium, a urinalysis should be 
obtained to include at a minimum specific gravity, 
albumin, glucose, and a microscopic on centrifuged 
sediment. The urine should be examined for the specific 
proteL.'J. 

-14" x 17" chest roentgenogram: Cadmium causes 
human lung damage. Surveillance of the lungs is indi­
cated 

-Liver function tests: Cadmium may cause liver 
damage. A profile of hver function should be obtained 
by utilizmg a medically acceptable array of biochemical 
tests. 

-FVC and FEY (I sec): Cadmium is reported to 
cause decreased pulmonary function. Periodic surveil­
lance lS indicated. 
2. Periodic Medical Examination: The aforementioned 
med1cai examinations should be repeated on an annual 
basis. except that an x-ray is necessary only when 
Indicated by the results of pulmonary function testing. 

Tnese recommendations ret1ect good Industrial ny~Hene ana meo1c2 sfvelilance pracHces ana tne1r 1mptementai1on w 
ass1st 1n acnteV11lQ an etiect1ve occupat1ona1 nea!tn prograrr: Howe,,..~. : .... -e ... may not be sutt::::er.: tc achieve compi1ancc 

Wltn ail reou:rements c' OSH.:. re::;J18l!On: 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Pubhc Health Serv1ce Centers for D:sease Centro 
Nat:onal Institute for Occupa:,onal Safety a['"\" Hea:i~-
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Urine protein measurements should be made available 
every four months. 
• Summary of toxicology 
Cadmium fume (cadmium oxide) is a severe pulmonary 
irritant that has caused fatal pulmonary edema m work­
ers; chronic exposures may lead to severe pulmonary 
emphysema. Cadmium sulfide produces malignant 
tumors in animals by injection, suggesting that cadmium 
is carcinogenic. Most acute intoxications have been 
caused by inhalation of cadmium fume at concentra­
tions which did not provide warning symptoms of 
irritation. The average concentrations of fume responsi­
ble for fatalities have been 40 to 50 mg/m' for I hour. or 
9 mg/m' for 5 hours. Non-fatal pneumonitis has been 
reported from concentrations ofO.S to 2.5 mg/m', while 
relatively mild cases have been attributed to even lower 
concentrations. Following an asymptomatic latent 
period of 4 to 10 hours, there is characteristically 
nasopharyngeal irritation, followed by a feeling of chest 
constriction or substernal pain, with cough and dys­
pnea; there also may be headache, chills, muscle aches, 
nausea, vomiting, and diarrhea. Pulmonary edema may 
then develop rapidly, with decreased vital capacity and 
markedly reduced carbon monoxide diffusing capacity. 
In about 20% of the cases the dyspnea is progressive, 
accompanied by wheezing or hemoptysis, and may 
result in death within 7 to 10 days of exposure: at 
autopsy the lungs are markedly congested, and there is 
an intra-alveolar fibrinous exudate, as well as alveolar 
cell metaplasia. Among survivors, the subsequent 
course is unpredictable: most cases resolve slowly, but 
respiratory symptoms may linger for several weeks, 
while impairment of pulmonary function may persist for 
months. In experimental animals, cadmium exposure 
has caused pulmonary fibrosis, but this has not been 
documented in humans. In one fatal human case, in 
addition to lung abnormalities, there was renal cortical 
necrosis. Continued exposure to lower levels of cadmi­
um in air has resulted in chronic poisoning character­
ized by irreversible lung injury of emphysematous type, 
with abnormal lung function and urinary excretion of a 
specific low-molecular-weight protein which may be 
associated with evidence of renal dysfunction. Clinical 
evidence of the cumulative effects of cadmium may 
appear after exposure has terminated; the disease then 
tends to be progressive. The frequency of occurrence of 
proteinuria increases with length of exposure: those 
exposed to cadmium compounds for less than 2 years 
had no proteinuria, whereas most of those exposed for 
12 years or more had proteinuria with little other 
evidence of renal damage. Cadmium absorbed by any 
route is, to a very large extent, retained by the body. 
Excretion is very slow. The urinary excretion of cadmi­
um bears no known relationship to the severity or 
duration of exposure and is only a confirmation of 
absorption. Other consequences of cadmium exposure 
are rhinitis, occasional ulceration of the nasal septum. 
damage to the olfactory nerve, and anosmia. The long­
term ingestion of beans_. rice and water contaminated 

2 Cadmium fume 

with cadmium has been proposed as the probable cause 
of a crippling condition among Japanese women who 
have had multiple pregnancies; pain in the back and 
joints, an unsteady gait, osteomalacia, bone fractures, ( 
and occasional renal failure are characteristics of the . 
disorder. Rats, injected subcutaneously with cadmium 
metal suspended in fowl serum, produced rhabdomyo­
sarcomata; with cadmium sulfate in sterile distilled 
water, sarcomata; and with cadmium chloride solution, 
pleomorphic sarcomas at the injection site, suggesting 
that cadmium is carcinogenic. Cadmium sulfate injected 
into the lingual vein of female hamsters on day 8 of 
pregnancy caused a high incidence of resorption and 
malformed offspring. Increased prostatic and lung 
cancer has been reported in humans exposed to cadmi­
um oxide. Acute necrosis of the rat testis follows large 
doses orally or parenterally. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
I. Molecular weight: 112- 128 
2. Boiling point (760 mm Hg): Not applicable 
3. Specific gravity (water = I): Not applicable 
4. Vapor density (air = I at boiling point of cadmi-

um fume): Not applicable 
5. Melting point: Not applicable 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Insoluble 
8. Evaporation rate (butyl acetate = 1): Not applica- (. 

ble 
• Reactivity 

I. Not applicable 
• Flammability 

1. Not applicable 
• Warning properties 
Grant reports that "smarting of the eyes occurs relative­
ly infrequently (upon exposure to cadmium fume), and 
no injury to the eyes of human beings has been reported. 
Neither eye nor respiratory tract irritation is enough to 
prevent exposures which may cause serious systemic 
poisoning and damage to the lungs." 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Eight-Hour Exposure Evaluation 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 
• Ceiling Evaluation 
Measurements to determine employee ceilmg exposure 
are best taken during periods of maximum expected 
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airborne concer::rations of cadmium fume. Each mea­

surement show:: consist of a fifteen (15) minute sample 

or series of consecutive samples totalling fifteen (15) 

minutes in the employee's breathing zone (air that 

would most nez-cly represent that inhaled by the em­

ployee). A m.inir:lum of three (3) measurements should 

be taken on o::" work shift and the highest of all 

measurements t2..k.en is an estimate of the employee's 

exposure. 

• MethO<l 

Sampling and analyses may be performed by collection 

of cadmium fur:oe on a cellulose membrane fllter, fol­

lowed by treatment with nitric acid, solution in acid, 

and analysis v.o:h an atomic absorption spectrophoto­

meter. An analy::cal method for cadmium fume is in the 

NIOSH Manu::.· of Analytical Methods. 2nd Ed., Vol. 3, 

1977, available irom the Government Printing Office, 

Washington. D.C. 20402 (GPO No. 017-033-00261-4). 

RESPIRATORS 

• Good indus:.oial hygiene practices recommend that 

engineering controls be used to reduce environmental 

concentrations to the permissible exposure level. How­

ever, there are some exceptions where respirators may 

be used to control exposure. Respirators may be used 

when engineering and work practice controls are not 

technically feasible, when such controls are in the 

process of being installed, or when they fail and need to 

be supplemen;:ed. Respirators may also be used for 

operatioru; wl:och require entry into tanks or closed 

vessels, and m emergency situations. If the use of 

respirators is necessary, the only respirators permitted 

are those thai nave been approved by the Mine Safety 

and Health Administration (formerly Mining Enforce­

ment and Saietv Administration) or by the National 

Institute for O::cupational Safety and Health. 

• In addinon to respirator selection. a complete respira· 

tory protecncn program should be instituted which 

includes re~.:lar training, maintenance, inspection, 

cleaning. and evaluation. 

SANITATION 

• Eating and smoking should not be permitted in areas 

where fume; may be generated in the handling or 

processing of .::admtum 

COMMON OPERATIONS AND CONTROLS 

The folk.'Al:-::; :~s: includes some common operation<.: in 

which e.1ro2: -~= to cadmium fume maY occur and 

control rnett.c..js which may be effecuve m each cast 

Operation 

Liberation during 
smelting and refining of 

ores where it is a by­
product of zinc, lead, 

and copper-bearing 

ores 

Liberation during 
recovery of metal by 

processing of scrap; 
during melting and 

pouring of cadmium 
metal; during casting of 

alloys for cadmium­

copper, cadmium-lead, 
cadmium-bismuth, 

cadmium-silver, 
cadmium-nickel, 
cadmium-lead-silver, 

cadmium-lead-silver­

nickel, cadmium-lead­
bismuth-tin, and 
cadmium-gold products 

used lor coating 
telephone cables, 
trolley wires, welding 

electrodes, automatic 

sprinkling systems, 

steam boilers, fire 
alarms, high-pressure/ 

temperature bearings, 

starting switches, 
aircraft relays, light-duty 

circuit breakers, low­

temperature solder, and 

jewelry 

Liberation during 
fabrication of metal, 
alloys, or plated steel 

Liberation during 
casting and use of 
solders; during melting 

of cadmium ingots tor 
paint and pigment 

manufacture used lor 

coloring of plastiCS and 
ceramic glazes. 
electroplating. and in 
chemical syntheSIS 

Liberation dunng 
coat1ng on metals by 
hot d1ppmg or spraymg 

Controls 

Process enclosure; 
local exhaust 
ventilatJon; personal 
protectrve equipment 

Process enclosure; 
local exhaust 
ventilation; personal 

protectJVe equipment 

Process enclosure; 

local exhaust 
ventilation; personal 

protect1ve equipment 

Process enclosure; 
local exhaust 
ventilation; personal 

protect1ve equipment 

Process enclosure 

loca1 exnaus: 
vemi:e,t'.:'r< person;:--· 

prore.:;:\·e eqLnprner;:_ 



Liberation during 
manufacture of nickel­
cadmium batteries tor 
use in radio-portable 
telephones, 
convenience 
appliances, and vented 
cells used in air planes, 
heliocopters, and stand­
by power and lighting 

Process enclosure; 
local exhaust 
ventilation; personal 
protective equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce­
dures and send for first aid or medical assistance. 
• Breathing 
If a person breathes in large amounts of cadmium fume, 
move the exposed person to fresh air at once. If 
breathing has stopped, perform artificial respiration. 
Keep the affected person warm and at rest. Get medical 
attention as soon as possible. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
anses. 

SPILL PROCEDURES 

• Persons not wearing protective equipment and cloth­
ing should be restricted from areas of releases until 
cleanup has been completed. 
• If potentially hazardous amounts of cadmium fume 
are inadvertently released, ventilate the area of the 
release to disperse the fume. 
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* SPECIAL NOTE 
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concluded that it causes cancer. See IARC Monographs 
on the E~·aluation of Carcinogenic Risk of Chemicals to 
.\fan. \'olume 2. lc-:. and Volume 11. 1976 
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Condition 

Particulate Concentration 

1 mg/m' or less 

5 mg/m' or less 

40 mg/ m' or less 

Greater than 40 mg/m' or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

RESPIRATORY PROTECTION FOR CADMIUM FUME 

Minimum Respiratory Protection• 
Required Alx>ve 0.1 mg/m' 

Any fume respirator or high efficiency part1culate respirator. 

Any supplied-air respirator. 

Any self-contained breathing apparatus 

A high efficiency particulate filter respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A powered air-purifying respirator with a high efficiency particulate filter. 

A Type C supplied-air respirator operated in pressure-demand or other positive 
pressure or continuous-flow mode. 

Self-contained breathing apparatus with a lull facepiece operated in pressure­
demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 
full tacepiece operated in pressure-demand or other positive pressure or continu­
ous-flow mode and an auxiliary selt-ccntamed breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus wrtll a full facepiece operated in pressure­
demand or other positive pressure mode. 

A high efficiency particulate filter resp~rator with a full facepiece. 

Any escape self-contained breathing apparatus. 

•only NIOSH-approved or MSHA-approved equipment should be use:: 
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Occupational Health Guideline for 
Chromium Metal and Insoluble Chromium Salts* 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occnpational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

APPLICABILITY 

The general gnidelines contained in this document 
apply to all chromium metal and insoluble chromium 
salts. Physical and chemical properties of some specific 
compounds are provided for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Metallic chromium 

• Formula: Cr 
• Synonyms: None 
• Appearance and odor: Shiny, odorless metal. 

Copper chromite 

• Formula: eu.cr.O, 
• Synonyms: Cuprous chromite 
• Appearance and odor: Greenish-blue, odorless solid. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for chromium metal or 
insoluble chromium salts is I milligram of chromium 
metal or insoluble chromium salts per cubic meter of air 
(mg!m') averaged over an eight-hour work shift. Cer­
tain forms of chromium (VI) have been found to cause 
increased respiratory cancer among workers. Certain 
other forms of chrominm (VI) are currently believed to 
be non-carcinogenic: The non-carcinogenic forms are 
the monochromates and bichromates (dichromates) of 
hydrogen, lithium, sodium, potassium, rubidium, 

cesium, and ammonium, and chromium (VI) oxide 
(chromium acid anhydride). NIOSH has not conducted 
an in-depth study of the toxicity of chromium metal or 
compounds containing chromium in an oxidation state 
other than 6. NIOSH recommends that the permissible 
exposure limit for carcinogenic chromium (VI) com­
pounds be reduced to 0.001 Cr (VI) mg/m' and that 
these compounds be regulated as occupational carcino­
gens. NIOSH also recommends that the permissible 
exposure limit for non-carcinogenic chromium (VI) be 
reduced to 0.025 Cr (VI) mg/m' averaged over a work 
shift of up to 10 hours per day, 40 hours per week, with 
a ceiling level of 0.05 Cr (VI) mg/m' averaged over a 
15-minute period. It is further recommended that chro­
mium (VI) in the workplace be considered carcinogen­
ic, unless it has been demonstrated that only the non­
carcinogenic chromium (VI) compounds mentioned 
above are present. The NIOSH Criteria Documents for 
Chromic Acid and Chromium (VI) should be consulted 
for more detailed information. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Chromium metal or insoluble chromium salts can affect 
the body if they are inhaled. They can also affect the 
body if they are swallowed. 
• Effects of overexposure 
Ferro chrome alloys have been associated with lung 
changes in workers exposed to these alloys. Chromite 
dust exposure may cause minor lung changes. 
• Reporting signs and symptoms 
A physician should be contacted if anyone develops any 
signs or symptoms and suspects that they are caused by 
exposure to chromium metal or insoluble chromium 
salts. 
• Recommended medical surveillance 
The following medical procedures should be made 
available to each employee who is exposed to chromi­
um metal or insoluble chromium salts at potentially 
hazardous levels: 

Tnese recommendations reflect good industrial hyg1ene and med1cai surveillance pract1ces and the1r implementation w1ll 
ass1st 1n achieving an ettect1ve occupational health program. However, they may not be sutt1cient to achieve compl1ance 

with al\ requ1rements of OSHA regulat!0ns 
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1. Initial Medical Examination: 
-A complete history and physical examination: The 

purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami­
tation of the respiratory system should be stressed. 

-14" x 17'' chest roentgenogram: Chromium and its 
insoluble salts may cause human lung damage. Surveil· 
lance of the lungs is indicated. 

-FVC and FEV (1 sec): Insoluble chromium salts 
are reported to cause decreased pulmonary function. 
Periodic surveillance is indicated. 
2. Periodic Medical Examination: The aforementioned 
medical examinations should be repeated on an annual 
basis. 
• Summary of toxicology 
The dusts of chromium metal and its insoluble salts. 
chiefly the chromites, are usually reported to be rela­
tively nontoxic; this is debatable, since exposures associ­
ated with toxic effects are usually mixed exposures 
involving several hexavalent chromium compounds. 
Ferrochrome alloys have been associated with pulmon­
ary disease in humans. Four workers engaged in the 
production of ferrochrome alloys developed a nodular 
type of pulmonary disease with impairment of pulmon­
ary function; air concentrations of chromium in this 
study averaged 0.26 mg/m 3 , although other fumes and 
dusts were also present. This pulmonary problem may 
be one of hypersensitivity and thus reversible. Other 
reports state that chest roentgenograms have revealed 
only "exaggerated pulmonic markings" in workers ex­
posed to chromite dust. The lungs of groups of workers 
exposed to chromite dust have been shown to be the 
seat of pneumoconiotic changes consisting of slight 
thickening of interstitial tissue and interalveolar septa, 
with histologic fibrosis and hyalinization. Chromite ore 
roast mixed with sheep fat implanted intrapleurally in 
rats produced squamous cell carcinomata coexisring 
with sarcomata of the lungs; the same material implant· 
ed in the thighs of rats produced fibrosarcomata. A 
refractory plant using chromite ore to make chromite 
brick had no excess oflung cancer deaths over a 14-year 
period, and it was concluded that chromite alone prob­
ably is not carcinogenic. 

CHEMICAl AND PHYSICAl PROPERTIES 

• Physical data-Metallic chromium 
1. Molecular weight: 52 
2. Boiling point (760 mm Hg): 2640 C (4784 F) 
3. Specific gravity (water = !): 7.2 
4. Vapor density (air = 1 at boiling point of rnetalilc 

chromium): Not applicable 
5. Melting point: 1900 C (3452 F) 
6. Vapor pressure at 20 C (68 F): Essential!\ zero 
7. Solubility in water, g/100 g water at 20 C i6S F1· 

1soluble 
8. Evaporation rate (butyl acetate= I): Not ap::~c3· 

ble 

• Physical data-Copper chromite 
!. Molecular weight: 295.1 
2. Boiling point (760 mm Hg): Data not available 
3. Specific gravity (water= 1): 5.24 
4. Vapor density (air = I at boiling point of copper 

chromite): Not applicable 
5. Melting point: Data not available 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Insoluble 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Basic potassium zinc chromate 

I. Molecular weight: 873.8 
2. Boiling point (760 rnm Hg): Decomposes at red 

heat 
3. Specific gravity (water= 1): 3.47 
4. Vapor density (air = I at boiling point of basic 

potassium zinc chromate): Not applicable 
5. Melting point: Loses water slowly above 100 C 

(212 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Insoluble 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Reactivity 

I. Conditions contributing to instability: None 
2. Incompatibilities: Chromium metal in contact with 

strong oxidizers may cause fires and explosions. 
3. Hazardous decomposition products: None listed. 
4. Special precautions: None listed. 

• Flammability 
I. Flash point: Not applicable 
2. Minimum ignition temperature (metal): 400 C (752 

F) Oayer); 580 C (1076 F) (cloud) 
3. Minimum explosive dust concentration (metal): 

230 grams/m' 
4. Extinguishant: Dry sand, dry dolomite, dry graph­

ite 
• Warning properties 
Chromium metal and insoluble salts are not known to be 
eye irritants. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Eight-Hour Exposure Evaluation 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee) 
• Ceiling Evaluation 
Measurements to determine employee ceiling exposure 
are best taken during periods of maximum expected 
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airborne concentrations of chromium metal or insoluble 
chromium salts. Each measurement should consist of a 
fifteen (15) minute sample or series of consecutive 
samples totalling fifteen (1 5) minutes in the employee's 
breathing zone (air that would most nearly represent 
that inhaled by the employee). A minimum of three (3) 
measurements should be taken on one work shift and 
the highest of all measurements taken is an estimate of 
the employee's exposure. 
• Method 
Sampling and analyses may be performed by collection 
of chromium metal or insoluble chromium salts on a 
fllter, followed by treatment with acid and atomic 
absorption spectrophotometric analysis. An analytical 
method for chromium metal and insoluble chromium 
salts is in the NJOSH Manual of Analytical Methods, 2nd 
Ed., Vol. 6, 1980, available from the Government 
Printing Office, Washington, D.C. 20402 (GPO No. 
017 -033-00369-6) 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. How­
ever, there are some exceptions where respirators may 
be used to control exposure. Respirators may be used 
when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce­
ment and Safety Administration) or by the National 
Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira­
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent repeated or prolonged skin contact 
with solids or liquids containing insoluble chromium 
salts. 
• Clothing contaminated with insoluble chromium salts 
should be placed in closed .;ontainers for storage until It 
can be discarded or unti] provision is made for the 
removal of insoluble chromium salts from the clothmg. 
If the clothing is to be laundered or otherwise cleaned 
to remove the insoluble chromium salts, the person 

performing the operation should be informed of insolu­
ble chromium salts's hazardous properties. 
• Non-impervious clothing which becomes contami­
nated with insoluble chromium salts should be removed 
promptly and not reworn until the insoluble chromium 
salts are removed from the clothing. 
• Employees should be provided with and required to 
use dust- and splashproof safety goggles where solids or 
liquids containing insoluble chromium salts may contact 
the eyes. 

SANITATION 

• Skin that becomes contaminated with insoluble chro­
mium salts should be promptly washed or showered 
with soap or mild detergent and water to remove any 
insoluble chromium salts. 
• Eating and smoking should not be permitted in areas 
where solids or liquids containing insoluble chromium 
salts are handled, processed, or stored. 
• Employees who handle solids or liquids containing 
insoluble chromium salts should wash their hands thor­
oughly with soap or mild detergent and water before 
eating, smoking, or using toilet facilities. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to chromium metal or insoluble chro­
mium salts may occur and control methods which may 
be effective in each case: 

Operation 

Use in fabrication of 
alloys 

Use in preparation of 
alloy steels to enhance 
corrosion- and heat­
resistance 

Use in fabrication of 
plated products for 
decoration or increased 
wear-resistance 

Use in production of 
non-ferrous alloys to 
impart special qualities 
to the alloys 

Use in production and 
processing of insoluble 
salts 

Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; genera! 
dilution ventilation 

Local exhaust 
ventilation: genera! 
dilution ventlia\lon: 
personal protective 
equipment 
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Operation 

Use as chemical 
intermediates; use in 
textile industry in 
lyeing, silk treating, 
printing, and moth­
p<"oofing wool 

Use in leather industry 
in tanning; use in 
photograhic fixing baths 

Use as catalysts for 
halogenation, alkylation, 
and catalytic cracking of 
hydrocaibons 

Use as fuel additives 
and propellant 
additives; in 
photogaphic fixing 
baths and in ceramics 

Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

ln the event of an emergency, institute first aid proce­
dures and send for flrst aid or medical assistance. 
• Eye Exposure 
If chromium metal or solids or liquids containing insolu­
ble chromium salts get into the eyes, wash eyes immedi­
axely with large amounts of water, lifting the lower and 
upper lids occasionally. If irritation is present after 
"''ashing, get medical attention. Contact lenses should 
DOt be worn when working with these chemicals. 
• Skin Exposure 
If solids or liquids containing insoluble chromium salts 
get on the skin, wash the contaminated skin using soap 
or mild detergent and water. If solids or liquids contain­
ing insoluble chromium salts penetrate through the 
ciothing, remove the clothing and wash the skin using 
'"'-""P or mild detergent and water. If irritation persists 
•.iter washing, get medical attention. 
• Breathing 
If a person breathes in large amounts of chromium 
metal or insoluble chromium salts, move the exposed 
person to fresh air at once. If breathing has stopped, 
perform artificial respiration. Keep the affected person 
'i,i;,"arm and at rest. Get medical attention as soon as 
possible. 
• Swallowing 
\\·hen solids or liquids containing insoluble chromium 
s..alts have been swallowed, give the person large quanti­
Des of water immediately. After the water has been 
s-wallowed, try to get the person to vomit by having him 

c·uch the back of his throat with his fmger. Do not 
r:::-...ake an unconscious person vomit. Get medical atten­
oon immediate! y. 

• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under- (. 
stand the facility's emergency rescue procedures and • 
know the locations of rescue equipment before the need 
arises. 

SPILL, LEAK, AND DISPOSAL 
PROCEDURES 

• Persons not wearing protective equipment and cloth~ 
ing should be restricted from areas of spills until cleanup 
has been completed. 
• If chromium metal or insoluble chromium salts are 
spilled, the following steps should be taken: 
I. Remove all ignition sources where metallic chromi­
um has been spilled. 
2. Ventilate area of spill. 
3. Collect spilled material in the most convenient and 
safe manner and deposit in sealed containers for recla­
mation or for disposal in a secured sanitary landfill. 
Liquid containing chromium metal or insoluble chromi­
um salts should be absorbed in vermiculite, dry sand, 
earth, or a similar material. 
• Waste disposal method: 
Chromium metal or insoluble chromium salts may be 
disposed of in sealed containers in a secured sanitary 
landfill. 
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* SPECIAl NOTE 

The International Agency for Research on Cancer 
(IARC) has evaluated the data on these chemicals and 
has concluded that they cause cancer. See JARC Mono­
graphs on the Evaluation of Carcinogenic Risk of Chemi­
cals to Man, Volume 2, 1973, and Volume 23, 1980. 
• Method 
Sampling and analyses may be performed by collection 
of chromium metal or insoluble chromium salts on a 
filter, followed by treatment with acid and atomic 
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RESPIRATORY PROTECTION FOR CHROMIUM METAL AND INSOLUBLE CHROMIUM SALTS (AS 
CHROMIUM) 

Condition 

Particulate Concentration 

5 mg/m• or less 

10 mg/m• or less 

50 mg/m' or less 

500 mg/ m' or less 

Minimum Respiratory Protection• 
Required Above 1 mg/m' 

Any dust and mist respirator. 

Any dust and mist respirator, except single-use or quarter-mask respirator. 

Any fume respirator or high efficiency particulate respirator. 

Any supplied-air respirator. 

Any self-contained breathing apparatus. 

A high efficiency particulate filter respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A powered air-purifying respirator with a high efficiency particulate filter. 

A Type C supplied-air respirator operated in pressure-demand or other positive 
pressure or continuous-flow mode. 

( 

Greater than 500 mg/m• or 
entry and escape from 
unknown concentrations 

Self-contained breathing apparatus with a full facepiece operated in pressure- ( 
demand or other positive pressure mode. 

Fire Fighting 

A combination respirator which includes a Type C supplied-air respirator with a 
lull facepiece operated in pressure-demand or other positive pressure or continu­
ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure· 
oemand or other positive pressure mode. 

*Only NIOSH-approved or MSHA-approved equipment should be used. 
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Occupational Health Guideline for 
• Soluble Chromic and Chromous Salts (as Chromium) 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

APPLICABILITY 

The general guidelines contained in this document 
apply to all soluble chromic and chromous salts. Physi­
cal and chemical properties of several specific com­
pounds are provided for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Chromic sulfate hydrate 

• Formula: Cr,(S0,),-16H,O (approximately) 
• Synonyms: None 
• Appearance and odor: Violet or green, odorless solid. 

Chromic potassium sulfate 

• Formula: KCr(S0,),-12H,O 
• Synonyms: Potassium chrome alum; potassium chro­
mium (III) sulfate 
• Appearance and odor: Red-violet, odorless solid. 

Chromous chloride 

• Formula: CrCl, 
• Synonyms: None 
• Appearance and odor: Colorless to gray, odorless 
solid. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for soluble chromic or 
chromous salts is 0.5 milligrams of soluble chromic or 

chromous salts (as chromium) per cubic meter of air 
(mglm') averaged over an eight-hour work shift. Cer­
tain forms of chromium (VI) have been found to cause 
increased respiratory cancer among workers. Certain 
other forms of chromium (VI) are currently believed to 
be non-carcinogenic: They are the monochromates and 
bichromates (dichromates) of hydrogen, lithium, 
sodium, potassium, rubidium, cesium, and ammonium, 
and chromium (VI) oxide (chromium acid anhydride). 
NIOSH has not conducted an in-depth study of the 
toxicity of chromium metal or compounds containing 
chromium in an oxidation state other than 6. NIOSH 
recommends that the permissible exposure limit for 
carcinogenic chromium (VI) compounds be reduced to 
0.00 I mg/m' and that these compounds be regulated as 
occupational carcinogens. NIOSH also recommends 
that the permissible exposure limit for non-carcinogenic 
chromium (VI) be reduced to 0.025 Cr (VI) mglm' 
averaged over a work shift of up to 10 hours per day, 40 
hours per week, with a ceiling level of 0.05 Cr (VI) mgl 
m' averaged over a IS-minute period. It is further 
recommended that chromium (VI) in the workplace be 
considered carcinogenic, unless it has been demonstrat­
ed that only the non-carcinogenic chromium (VI) com­
pounds mentioned above are present. The NIOSH 
Criteria Documents for Chromic Acid and Chromium 
(VI) shonld be consulted for more detailed information. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Soluble chromic or chromous salts can affect the body 
if they come in contact with the eyes or skin. They can 
also affect the body if they are swallowed. 
• Effects of overexposure 
Exposure to certain soluble chromic or chromous salts 
have been reported to cause an allergic skin rash. 
• Reporting signs and symptoms 
A physician should be contacted if anyone develops any 
signs or symptoms and suspects that they are caused by 
exposure to soluble chromic or chromo us salts. 

These recommendations reflect good industnal hyg1ene and med1cal surve111ance pract1ces and· their impleme!ltation Will 
assist in ach1eving an effective occupationai health program. However. they may riOt be suf-ficient" to 8ch1eve cdmplfance 

with a!1 requirements of OSHA regu1at1ons · 
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• Recommended medical surveillance 
The following medical procedures should be made 
available to each employee who is exposed to soluble 
chromic and chromous salts at potentially hazardous 
,evels: 
-'· Initial Medical Screening: Employees should be 
screened for history of certain medical conditions 
(listed below) which might place the employee at 
increased risk from soluble chromic and chromous salts 
exposure. 

-Skin disease: Chromic salts may cause an allergic 
dermatitis. Persons with pre-existing skin disorders may 
be more susceptible to the effects of these agents. 
2. Periodic Medical Examination: Any employee devel· 
oping the above-listed conditions should be referred for 
further medical examination. 
• Summary of toxicology 
The soluble chromic and chromous salts have no estab· 
lished toxicity. Since exposures are often mixed, consid· 
eration should be given to the possible exposure to 
hexavalent chromium, which is a more toxic form. The 
compound hexaaquachromium trichloride has been 
found to react with protein in vitro, indicating that it is 
not biologically inert. Of 35 rats implanted with chro­
mic acetate in the thigh muscle, I developed sarcoma; 
this was considered to be evidence of weak carcinogen­
icity of this soluble trivalent compound. When taken by 
mouth, the trivalent compounds do not give rise to local 
or systemic effects and are poorly absorbed; no specific 
effects are known to result from inhalation. Animals 
ingesting chromic salts showed one-ninth as much 
chromium in the tissues as did animals ingesting equal 
amounts of chromates. Dermatitis from some chromic 
salts has been reported. Some investigators believe that 
all persons sensitized to hexavalent chromium are also 
sensitive to the trivalent form, although this has not 
been ftrmly established. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data-Chromic sulfate hydrate 
I. Molecular weight: 680 (approximately) 
2. Boiling point (760 mm Hg): Decomposes at red 

heat 
3. Specific gravity (water= 1): 1.7 
4. Vapor density (air = I at boiling point of chromic 

sulfate hydrate): Not applicable 
5. Melting point: 90 C (194 F) Loses water, residue 

does not melt 
6. Vapor pressure at 20 C (68 F): Essentially zero 

(except water of crystallization) 
7. Solubility in water, g/100 g water at 20 C (68 F): 

&4- 120 
8. Evaporation rate (butyl acetate = I): Not applica· 

ble 
• Physical data-Chromic potassium sulfate 

I. Molecular weight: 499.4 
2. Boiling point (760 mm Hg): Decompose> 
3. Specific gravity (water= 1): 1.83 

2. Soluble Chromic and Chromous Salts (as Chromium) 

4. Vapor density (air = I at boiling point of chromic 
potassium sulfate): Not applicable 

5. Melting point: 89 C (192 F) Loses water, then 
melts at 400 C (752 F) 

6. Vapor pressure at 20 C (68 F): Essentially zero 
(except water of crystallization) 

7. Solubility in water, g/100 g water at 20 C (68 F): 
19.6 

8. Evaporation rate (butyl acetate = !): Not applica· 
ble 
• Physical data-Chromous chloride 

1. Molecular weight: 122.9 
2. Boiling point (760 mm Hg): 1300 C (2372 F) 
3. Specific gravity (water= 1): 2.93 
4. Vapor density (air = I at boiling point of chro­

mous chloride): Not applicable 
5. Melting point: 820 C ( 1508 F) 
6. Vapor pressure at 20 C (68 F): Essentially zero 

(except water of crystallization) 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Very soluble 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Reactivity 

1. Conditions contributing to instability: None 
2. Incompatibilities: Water (chromyl chloride) 
3. Hazardous decomposition products: None 
4. Special precautions: None 

• Flammability 
I. Most soluble chromic or chromous salts are not 

combustible. However, chromyl chloride reacts vigor­
ously with water, forming chromic acid, chromic chlo­
ride, hydrochloric acid, and chlorine. Also, chromyl 
chloride causes ignition of ammonia, ethyl alcohol, 
turpentine, and other combustible materials. 
• Warning properties 
Grant states that "chromium compounds ... are known 
to cause dermatitis. ulcers of the skin and mucous 
membranes, and perforation of the nasal septum." Chro­
mium chloride is an example of the chromium com­
pounds which Grant states produces these effects. Not 
all chromic and chromous salts produce eye irritation. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Eight-Hour Exposure Evaluation 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathmg zone (air that would most nearly 
represent that inhaled by the employee) 
• Ceiling Evaluation 
Measurements to determine employee ceiling exposure 
are best taken dunng periods of maximum expected 
airborne concentrations of soluble chromic or chro-
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mous salts. Each measurement should consist of a 
fifteen (15) minute sample or series of consecutive 
samples totalling fifteen (15) minutes in the employee's 
breathing zone (air that would most nearly represent 
that inhaled by the employee). A minimum of three (3) 
measurements should be taken on one work shift and 
the highest of all measurements taken is an estimate of 
the employee's exposure. 
• Method 
Sampling and analyses may be performed by collection 
of soluble chromic or chromous salts on a ftlter, fol­
lowed by treatment with acid and atomic absorption 
spectrophotometric analysis. An analytical method for 
soluble chromic and chromous salts is in the NIOSH 
Manual of Analytical Methods. 2nd Ed., Vol. 6, 1980, 
available from the Government Printing Office, Wash­
ington, D.C. 204{)2 (GPO No. 017-033-00369-6). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. How­
ever, there are some exceptions where respirators may 
be used to control exposure. Respirators may be used 
when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary, the ouly respirators permitted 
are those that have been approved by the Mine Safety 
.and Health Administration (formerly Mining Enforce­
ment and Safety Administration) or by the National 
Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira­
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAl PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent repeated or prolonged skin contact 
with liquids or solids containing soluble chromic or 
chromous salts. 
• Clothing contaminated with soluble chromic or chro­
mous salts should be placed in closed containers for 
storage until it can be discarded or until provision is 
made for the removal of chromic or chromous salts 
from the clothing. If the clothing is to be laundered or 
otherwise cleaned to remove the chromic or chromous 
salts, the person performing the operauon should be 
informed of soluble chromic or chromous salts's hazard­
ous properties . 
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• Non-impervious clothing which becomes contami­
nated with soluble chromic or chromous salts should be 
removed promptly and not rewom until the soluble 
chromic or chromous salts are removed from the cloth­
ing. 
• Employees should be provided with and required to 
use dust- and splash-proof safety goggles where there is 
any possibility of liquids or solids containing soluble 
chromic or chromous salts contacting the eyes. 
• Where there is any possibility that employees' eyes 
may be exposed to liquids or solids containing soluble 
chromic or chromous salts, an eye-wash fountain 
should be provided within the immediate work area for 
emergency use. 

SANITATION 

• Skin that becomes contaminated with soluble chro­
mic or chromous salts should be promptly washed or 
showered to remove any soluble chromic or chromous 
salts. 
• Employees who handle liquids or solids containing 
soluble chromic or chromous salts should wash their 
hands thoroughly before eating, smoking, or using toilet 
facilities. 

COMMON OPERATIONS AND CONTROlS 

The following list includes some common operatioru; in 
which exposure to soluble chromic or chromous salts 
may occur and control methods which may be effective 
in each case: 

Operation 

Use in textile treatment 
in dyeing, printing, 
moth-proofing, and 
water-proofing; use in 
tanning of leather in 
gloves, garments, and 
shoe uppers 

Use in manufacture of 
pigments for green 
varnishes, inks, paints. 
and glazes 

Use for metal treatment 
and polishing 

Use in photographic 
fixing baths lor 
hardening of emulsions; 
use as catalysts and in 
manufacture of· 
catalysts 

Use in chemical 
synthesis; use as 
corrosion inhibitors 

Controls 

Local exhaust 
ventilation; personal 
protective equipment 

Local exhaust 
ventilation; personal 
protective equipment 

Local exhaust 
ventilation; personal 
protective equipment 

Local exhaust 
ventilation; personal 
protective equipment 

Local exhaust 
ventilation; persona! 
protective equipment 



EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency. institute first aid proce­
dures and send for first aid or medical assistance. 
• Eye Exposure 
If liquids or solids containing soluble chromic or chro­
mous salts get into the eyes. wash eyes immediately 
with large amounts ofwater,lifti:ng the lower and upper 
lids occasionally. If irritation is present after washing, 
get medical attention. Contact lenses should not be 
worn when working with these chemicals. 
• Skin Exposure 
If liquids or solids containing soluble chromic or chro­
mous salts get on the skin, promptly flush the contami­
nated skin with water. If liqllid.s or solids containing 
soluble chromic or chromous salts penetrate through 
the clothing, remove the clothmg promptly and flush 
the skin with water. If irritation persists after washing, 
get medical attention. 
• Breathing 
If a person breathes in large amounts of soluble chromic 
or chromous salts, move the exposed person to fresh air 
at once. If breathing has stopped, perform artificial 
respiration. Keep the affected person warm and at rest. 
Get medical attention as soon as possible. 
• Swallowing 
When liquids or solids containing soluble chromic or 
chromous salts have been swallowed give the person 
large quantities of water immediately. After the water 
has been swallowed, try to get the person to vomit by 
having him touch the back of his throat with his finger. 
Do not make an unconscious person vomit. Get medical 
attention immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
arises. 

SPILL AND DISPOSAL PROCEDURES 

• Persons not wearing protective equipment and cloth­
ing should be restricted from areas of spills until cleanup 
has been completed. 
• If soluble chromic or chrornous salts are spilled, the 
following steps should be taken 
I. Ventilateareaofspill. 
2. Collect spilled material in the most convenient and 
safe manner and deposit in sealed containers for recla­
mation or for disposal in a secured sanitary landfill. 
Liquid containing soluble chromic or chromous salts 
should be absorbed in vermicul::e, dry sand, earth, or a 
similar material. 
• Waste dtsposal method 
Soluble chromic or chromous s.alts may be dtsposed of 
in sealed containers in a secured sanitary landfilL 

4 Soluble Chromic and ~ Salta (IIIli Chromium) 
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* SPECIAL NOTE 

The International Agency for Research on Cancer 
(IARC) has evaluated the data on these chemicals and 
has concluded that they cause cancer. See !ARC Mono­
graphs on the Evaluation of Carcinogenic Risk of Chemi­
cals to Man, Volume 2, 1973, and Volume 23, 1980. 

RESPIRATORY PROTECTION FOR SOLUBLE CHROMIC AND CHROMOUS SALTS (AS 
CHROMIUM) 

Condition 

Particulate Concentration 

2.5 mg/m' or less 

5 mg/m' or less 

25 mg/m' or less 

250 mg/m' or less 

Greater than 250 mg/m' or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Minimum Respiratory Protection• 
Required Above 0.5 mg/m' 

Any dust and mist respirator, except single-use. •• 

Any dust and mist respirator, except single-use or quarter-mask respirator ... 

Any fume respirator or high efficiency particulate respirator. • * 

Any supplied-air respirator ... 

Any sell-contained breathing apparatus. •• 

A high efficiency particulate filter respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A powered air-purifying respirator with a full facepiece and a high efficiency 
particulate filter, 

A Type C supplied-air respirator operated in pressure-demand or other positive 
pressure or continuous-flow mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­
demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 
full tacepiece operated in pressure-demand or other positive pressure or continu­
ous-flow mode and an auxiliary self-contained breathing apparatus operated in 
pressure-demand or other positive pressure mode. 

Sell-contained breathing apparatus with a full facepiece operated in pressure­
demand or other positive pressure mode. 

'Only NIOSH-approved or MSHA-approved eqwpment should be used. 

''If eye irritation occurs, lull-tacep1ece respiratory protective eqUipment should be used 

lilepteml>ef 18 76 Soluble Chromic and Chromous Salts (as Chromium) 5 
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Chemical Fact Sheet* LEAD (Metallic and I noraani c Compounds 1 June 1922 

information in this sheet applies to workplace exposure resulting from processing, manufacturing, stonn:: 
or handling and is not designed for the poou1atior. at large. Any oeneralizat:ian beyond occuoational exposures 
shouid not be made. The~best ,~ndustriai hygiene Jractice is to maintain concentrations of all cfiem1-cals at 
levels as low as is practical. 

Chemical Names: Lead, CAS 7439-92-1; lead carbonate, CAS 598-63-0; lead chloride, C?,S 7758-95-4: iead monoxiae, 
CAS 1317-36-8; lead sulfide, CAS 1314-87-Q;and others, 

Trade Names: C.!. Pigment Metal 4, C.!. 77575, Lead flake, Whole lead, Litharge and others. 

Uses: Tank linings, piping and other chemical reaction equipment; petroleum refining; manufacture of gasoline 
additives; pigments for paint; storage batte~ies~ solder and fusible alloys; radiation ~hi~lding and others, 

PHYSICAL !NFORMATI011 

Appearance: Bluish white to silvery grey solid (lead metal). 

Odor: None. 

Behavior in Water: Insoluble. 

HEALTrl HAZARD INFORMATION 

OSHA Standard: Average 8 hour exposure -- 0.05 mg;m3 (lead). 

' NIOSH Recommended Limit: Average 10 hour day/40 nour week exposure- 0.1 mg/m~ (lead). 

ACG!H Recommended Limit: Average 8 hour exposure-- 0.15 mg;m3 (lead). 

NOTE: Current OSHA· regulations require. that if an individual has a blood-lead 1evei greater than or eaual 
to .060 mg lead per 100 ml. blood, he must be removed from all exposures to lead and cannot return to 
an exposed environment until the blood level fall to .040 mg lead per 100 ml. blood or ie~s. 

Short Term Exoosure: 

Note: Lead is a cumulative poison. Increasing amounts build up in the body and eventually a paint 
TSreacned where symptoms and disability may occur. Lead dust carried home an contaminated clothina 
can cause symptoms in other family members. Standards only protect for inhalation exposure. Ex:ra -
precautions shou'td be taken if skin exposure also occurs. 

Inhalation: The effects of exposure to fumes and dusts of inorganic lead may not develop· quickly. 
Symptoms may include decreased physical fitness, fatigue, sleeo disturbance, headache, aching bones, 
and muscles, cons~ipation, abaominal pains and decreasec appetite. These effects are reversibie and 
complete recovery is possible. Inhalation of large amounts of lead may lead to seizures, coma and deau:. 

Skin: May cause irritation. 

Eyes: May cause irritation. 

Ingestion: See effects listed for inhalation. Ingestion of large amounts of lead may lead to seizures, 
coma and death. 

Long Term Exposure: 

Lead can accumulate in the body over a period of time. Therefore, long tem exposures to lower leve!s 
can result in a build up of lead in the body and more severe symptoms. These may include anemia, oale 
skin, a blue line at the gum margin, decreased hand-grip strength, abdominal pain, severe constipatior., 
nausea, vomiting, and paralysi.s of the wrist joint. Prolonged exposure may als.o result i.n kidney aamage. 
If the nervous system is affected! usually aue to very high exposures, the resulting effects include 
severe headache, convulsions. coma, delirium and death. In non-fatal cases, recovery is slow and not 
always complete. Alcohol ingestion and physical exertion may bring on symptoms. Continuous exposure 
can result in decreased fertility. Lead exposure of either parent before pregnancy can increase the 
chances of miscarriage or birth defects. Exoosure of the mother during pregnancy can cause birth defects. 

*Prepared by the Bureau of Toxic Substance Assessment, New York State Department of Health. 
For an explanation of the tenns and abbreviations used, see "Toxic Substances: How Toxic is Toxicu available 
from the New York State Department of Healtr. 



Lead (~eta ll i c and I nor9ani c Comoounc.:. 

eMERGENCY AND FIRST AID INSTRUCTIONS 

Arlhalation: Move vic:i~ to fresn air. Give artificial resoiration as needed. Get medical attent~cr 
inmediately. 

Skin: Wash area ~Nith plenty of soap and water. Remove any contaminated clothing immediately. 

~yes: Rinse eyes with olenty of water for 15 minutes. Seek medical attention, if necessary. 

Ingestion: If victim is conscious, give water. Seek medical attention. 

Nate to Physician: Whoie blood lead levels, circulating plasma/erythrocyte lead concentration ratio, 
urine ALA, and erythrocyte protoporphyrin fluorescent microscopy may all be useful in monitoring 
or assessing leaa exposure. Chelating agents such as edetate disodium calcium and oenicilla~ine are 
generally useful in the therapy of acute lead intoxication. 

FIRE AND EXPLOSION INFORMATION 

General: Not combustible. If exposed to fire, may release toxic fumes or sulfur and lead oxides. 

Extinguisher: Use extlnguisner aopropriate to buming material. When fighting fire, wear a self-contained 
breathing apparatus witn a fuli faceoiece and operated in positive oressure mode. 

REACTIVITY 

Conditions to Avoid: Excessive heat. 

Materials to Avoid: Reacts violentiy with potassium. 

PROTECTIVE MEASURES 

Storage and Handlino: Store in an area away from heat and keep separate from potassium. 

Enqineerina Controls: Adequate ventilation, sinks, showers and eyewash stations shpuld be provided. 

Protectwe Cl othl nq (Shaul a not be substituted for oroper handl i no and enoi neeri no controls): Full body 
work c 1 otnl ng snou 1 d oe worn 1 nc J um ng oump caos or hare hats, ruboer g 1 aves, ana eye orotectl on. 
Employees shoula routinely wash their skin thoroughly and change clothing at the ena of each worK 
shift.~-----------

Protective Equipmen"t: For levels up to 0.5 mc/JTl3 use any dust and mist respira"tor, except single-use. 
r-or up to l mg;m.:. use any dust and mi S"t res pi rater, except single-use or quar"ter mask, or any fume 
resp1rator or h1gh efficiency particulate filter respirator. For up to 5 mg/m3 use a high efficiency 
particulate fil1:er resoirator with a full faceoiece. For uo to 100 ma/mJ use a powered air-ourifyinr; 
resoirator with a high efficiency particulate filter or a 1ype C supplied-air respiratQr ooeratec in 
pressure demand or other oositive-pressure or continuous flow mode. For uo to 200 mo/m~ use a Tvoe r 
supplied-air resoirator with full faceoiece operated in pressure-demand or otner posltlve-oressUre mace 
or with a full facepiece, helmet or hood operated in continuous-flow mode. For leveisqreater tnan 200 ma'r~ 
escaoe or entry into u-nKnown concentrations use a self-contained breathing apoara1us with fu1 ~ faceoiece 
opera~ed 1n pressure-aemand or otner positive-pressure mode or a combination resoirator whicn inciudes 
a Type C suppliea-air respirator with a full facepiece operated in oressure-dernand or other positive -
pressure or continuous flow mode and an auxiliary self-contained breathing apoaratus operatea in pressu:cc 
demand or other positive pressure mace. 

Miscellaneous: No ea1:ing, arinking, or smoking in areas where the dusts or fumes of lead or its comoounas are 
present. 

PROCEDURES FOR SPILLS AND LEP.KS 

Get all workers out of spili area. Put on necessary protective equipment including respirators. If spill ~s 
a solution cover with absorbent and shovel into suitable container. If soill is in powder form, vacuurr 
whenever possible to avoid raising dust by sweeping or blowing. Place in suitable container. For flnal disposa·: 
contact your regional office of the New York State Department of Environmental Conservation. 

more information: 
Contact the Industrial Hygienist or Safety Officer at your worksite or the New York State Deoartment af 
Health, Bureau of Toxic Substance Assessment, Empire State Plaza, Tower Building. Albany, New York 12237. 



c 

Occupational Health Guideline for 
Inorganic Mercury 

INTRODUCTION 

This guideline is intended as a source of information for 

employees, employers, physicians, industrial hygienists, 

and other occupational health professionals who may 

have a need for such information. It does not attempt to 

present all data; rather, it presents pertinent information 

and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: Hg 
• Synonyms: Quicksilver 
• Appearance and odor: Silvery, mobile, odorless 

liquid. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for mercury is a ceiling 

level of 0.1 milligram of mercury per cubic meter of air 

(mg!m'). NIOSH has recommended that the permissi­

ble exposure limit be changed to 0.05 mg/m' averaged 

over an eight-hour work shift. The NIOSH Criteria 

Document for Inorganic Mercury should be consulted 

for more detailed information. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Mercury can affect the body if it is inhaled or if it comes 

in contact with the eyes or skin. It may enter the body 

through the skin. 
• Effects of overexposure 
I. Short-term Exposure: Inhaled mercury vapor may 

cause headaches, cough, chest pains, chest tightness, 

and difficulty in breathing. It may also cause chemical 

pneumanitis. In addition, it may cause soreness of the 

mouth, loss of teeth, nausea, and diarrhea. Liquid 

mercury may irritate the skin. 
2. Long-term Exposure: Repeated or prolonged expo­

sure to mercury liquid or vapor causes effects which 

develop gradually. The first effects to occur are often 

fine shaking of the hands, eyelids, lips, tongue, or jaw. 

Other effects are allergic skin rash, headache, sores in 

the mouth, sore and swollen gums, loose teeth, insom­

nia, excess salivation, personality change, irritability, 

indecision, loss of memory, and intellectual deteriora­

tion. 

3. Reporting Signs and Symptoms: A physician should be 

contacted if anyone develops any signs or symptoms 

and suspects that they are caused by exposure to 

mercury. 

• Recommended medical surveillance 

The following medical procedures should be made 

available to each employee who is exposed to mercury 

at potentially hazardous levels: 

I. Initial Medical Examination: 

-A complete history and physical examination: The 

purpose is to detect pre-existing conditions that might 

place the exposed employee at increased risk, and to 

establish a baseline for future health monitoring. Per­

sons with a history of allergies or known sensitization to 

mercury, chronic respiratory disease, nervous system 

disorders, or kidney disease would be expected to be at 

increased risk from exposure. Examination for any signs 

or symptoms of unacceptable mercury absorption such 

as weight loss, insomnia, tremors, personality changes~ 

or other evidence of central nervous system involve­

ment, as well as evidence of kidney damage, should be 

stressed. The skin should be examined for evidence of 

chronic disorders. 

-Urinalysis: Since kidney damage has been observed 

in humans exposed to mercury, a urinalysis should be 

obtained to include, at a minimum, specific gravity, 

albumin, glucose, and a microscopic on centrifuged 

sediment. Determination of mercury level in urine may 

be helpful in assessing extent of absorption. 

2. Periodic Medical Examination: The aforementioned 

medical examinations should be repeated on an annual 

basis. 

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will 

assist in achieving an effective occupational health program. However, they may not be sufficient to achteve compliance 

with all reqUirements of OSHA regulations. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

PubliC Health Serv1ce Centers for D1sease Control 

National Institute tor Occupational Safety and Health 
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Occupational Safety and Health Aoministrat1or: 



• Summary of toxicology 
Acute exposure to mercury at high levels causes severe 
respiratory irritation, digestive disturbances, and 
marked renal damage; chronic mercurialism, the form 
of intoxication most frequently caused by occupational 
exposure, is characterized by neurologic and psychic 
disturbances, anorexia, weight loss, and stomatitis. Skin 
absorption of inorganic mercury probably adds to the 
toxic effects of vapor inhalation. Intraperitoneal injec­
tion of metallic mercury in rats has produced sarcomas. 
Exposure of humans to mercury vapor in concentra~ 
tions of 1.2 to 8.5 mg/m 3 causes cough, chest pain and 
dyspnea, leading to bronchitis and pneumonitis. Metal­
lic mercury readily vaporizes at room temperature, and 
the vapor has no warning properties. At low levels, the 
onset of symptoms resulting from chronic exposure is 
insidious; fine tremors of the hands, eyelids, lips and 
tongue are often the presenting complaint. Coarse jerky 
movements and incoordination may interfere with the 
fine movements considered necessary for writing and 
eating. Psychic disturbances such as insomnia, irritabil­
ity, and indecision occur; headache, excessive fatigue, 
anorexia, digestive disturbances, and weight loss are 
common; stomatitis with excessive salivation is some­
times severe; muscle weakness has been reported. Pro­
teinuria may occur, but is relatively infrequent. Mer­
cury has been reported to be capable of causing sensiti­
zation dermatitis. Examination of urine for mercury 
may be of value. There is no "critical" level of mercury 
in urine above or below which poisoning cannot be 
seen. Various observers have suggested from 0.1 to 0.5 
mg of Hg/1 of urine as having clinical significance. 
Mercury, particularly organic forms, is known to ad­
versely affect the fetus if the mother is exposed during 
pregnancy. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
I. Molecular weight: 200.6 
2. Boiling point (760 mm Hg): 357 C (674 F) 
3. Specific gravity (water= 1): 13.5 
4. Vapor density (air = I at boiling point of mer-

cury): Not applicable 
5. Melting point: -39 C (-38 F) 
6. Vapor pressure at 20 C (68 F): 0.0012 mm Hg 
7. Solubility in water, g/100 g water at 20 C (68 F): 

).002 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Reactivity 

1. Conditions contributing to instability: None 
2. Incompatibilities: Contact with acetylene, acety­

lene products. or ammonia gases may form solid prod­
ucts that are sensitive to shock and which can initiate 
fires of combustible materials. 

3. Hazardous decomposition products: None 
4. Special precautions: Mercury can attack copper 

and copper alloy materials. 

2 Inorganic Mercury 

• Flammability 
1. Not combustible 

• Warning properties 
I. Odor Threshold: Mercury is odorless. 
2. Eye Irritation Level: Grant states that "when 

mercury metal droplets are in the epithelium, rather 
than the corneal stroma or anterior chamber, they are 
extruded rapidly with little reaction, as was reported in 
a patient who was sprayed forcefully with metallic 
mercury and was observed to have many fine silvery 
globules beneath the epithelium of the cornea . . . . 

"Mercury metal in contact with the conjunctiva has 
been shown in rabbits to be absorbed and ultimately to 
be detectable in the urine. While in contact with the 
conjunctiva, metallic mercury produced no clinical 
signs of conjunctivitis, but histologically an inflamma­
tory reaction has been demonstrable. External contact 
with mercury vapor has repeatedly been observed to 
induce a characteristic discoloration of the crystalline 
lens (mercurialentis)." Mercurialentis also is caused by 
systemic poisoning "from absorption of mercury vapor 
through the respiratory tract, the skin, and the gastroin­
testinal tract.'' 

For the purposes of this guideline, mercury is not 
treated as an eye irritant. 

3. Evaluation of Warning Properties: Mercury has 
no warning properties, according to the Hygienic Guide. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• Ceiling Evaluation 
Measurements to determine employee ceiling exposure 
are best taken during periods of maximum expected 
airborne concentrations of mercury. Each measurement 
should consist of a fifteen (I 5) minute sample or series of 
consecutive samples totalling fifteen (15) minutes in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). A minimum of 
three (3) measurements should be taken on one work 
shift and the highest of all measurements taken is an 
estimate of the employee's exposure. 
• Method 
Sampling and analyses may be performed by collection 
of mercury with a three-section solid phase sampler, 
followed by analysis with an atomic absorption spectro­
photometer. An analytical method for mercury is in the 
NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 6, 
1980, available from the Government Printing Office, 
Washington, D.C. 20402 (GPO No. 017-033-00369-6). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. How­
ever, there are some exceptions where respirators may 
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be used to control exposure. Respirators may be used 
when engineering and work practice controls are not 

technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 

be supplemented. Respirators may also be used for 

operations which require entry into· tanks or closed 

vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 

are those that have been approved by the Mine Safety 

and Health Administration (formerly Mining Enforce­
ment and Safety Administration) or by the National 

Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira­

tory protection program should be instituted which 

includes regular training, maintenance, inspection, 

cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 

use impervious clothing, gloves, face shields (eight-inch 
minimum), and ·ather appropriate protective clothing 

necessary to prevent repeated or prolonged skin contact 

with liquid mercury. 
• If employees' clothing may have become contaminat­

ed with mercury, employees should change into uncon­

taminated clothing before leaving the work premises. 

• Clothing contaminated with mercury should be 

placed in closed containers for storage until it can be 

discarded or until provision is made for the removal of 

mercury from the clothing. If the clothing is to be 
laundered or otherwise cleaned to remove the mercury, 

the person performing the operation should be informed 

of mercury's hazardous properties. 
• Non-impervious clothing which becomes contami­

nated with mercury should be removed promptly and 

not rewom until the mercury is removed from the 
clothing. 

SANITATION 

• Workers subject to skin contact with liquid mercury 

should wash with soap or mild detergent and water any 
areas of the body which may have contacted mercury at 

the end of each work day. 
• Skin that becomes contaminated with mercury 
should be promptly washed or showered with soap or 

mild detergent and water to remove any mercury. 

• Eating and smoking should not be permitted in areas 

where mercury is handled, processed, or stored. 

• Employees who handle mercury should wash their 

hands thoroughly "ith soap or mild detergent and 
water before eating. smoking, or using toilet facilities. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to mercury may occur and control 

methods which may be effective in each case: 
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Operation 

Use as a liquid cathode 
in electrolytic 
production of chlorine 
and caustic soda from 
brine 

Use during manufacture 
and repair of industrial 
and medical apparatus; 
use during manufacture 
of inorganic and organic 
compounds for use as 
pesticides, antiseptics, 
germicides, and skin 
preparations, and 
miscellaneous 
applications as 
chemical intermediates, 
preservatives, and 
pigments 

Use in preparation of 
amalgams for use in 
tooth restorations, 
chemical processing, 
and molding operations; 
use during manufacture 
of mildew-proof paints 
and marine antifouling 
agents 

Use in manufacture of 
organic mercurials; use 
in manufacture of 
batteries, lamps, and 
power tubes; 
manufacture of 
tungsten-molybdenum 
wire and rods; use in 
manufacture of 
inorganic salts for use 
as catalysts in 
production of 
urethanes, vinyl chloride 
monomers, 
anthraquinone 
derivatives, and other 
miscellaneous 
chemicals 

Controls 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 
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Operation 

Use as a chemical 
intermediate and in the 
manufacture of felt; as a 
flotation agent in 
.nanutacture of bowling 
balls; use as a 
laboratory reagent or as 
a working fluid in 
instruments 

Use as a conductor 
during construction and 
maintenance of military 
and nuclear power 
systems, in mercury­
stem boilers, and in air­
rectifiers 

Liberation during 
roasting and smelting 
operations 

Use in manufacture of 
explosives; in 
preparation of 
amalgams for use in 
artificial jewelry 

Use in manufacture of 
compounds for pulp and 
paper industry as 
controls for biological 
growths 

Liberation during mining 
and subsequent refining 
of ore containing 
cinnabar 

Controls 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 

General dilution 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 

General dilution 
ventilation; local 
exhaust ventilation 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 

General dilution 
ventilation; process 
enclosure; local exhaust 
ventilation; personal 
protective equipment 

General dilution 
ventilation; personal 
protective equipment; 
meticulous 
housekeeping 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce­
dures and send for first aid or medical assistance. 
• Eye Exposure 
If liquid mercury gets into the eyes, wash eyes immedi­
ately with large amounts of water, lifting the lower and 
upper lids occasionally. If irritation is present after 
washmg, get medical attention. Contact lenses should 
not be worn when working with this chemical 
• Skin Exposure 
If liquid mercury gets on the skin, promptly wash the 
contaminated skin using soap or mild detergent and 
\Vater. If liquid mercury penetrates through the cloth-

g. remove the clothing promptly and \vash the skin 
-3lnf: soap or mild detergent and wa1er. If irritation 
perststs after washing, get medical attention 
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• Breathing 
If a person breathes in large amounts of mercury, move 
the exposed person to fresh air at once. If breathing has 
stopped, perform artificial respiration. Keep the affect- <.-. 
ed person warm and at rest. Get medical attention as 
soon as possible. 
• Swallowing 
When large quantities of mercury have been swallowed 
or mercury has been swallowed repeatedly and the 
person is conscious, give the person large quantities of 
water immediately. After the water has been swal­
lowed, try to get the person to vomit by having him 
touch the back of his throat with his finger. Do not 
make an unconscious person vomit. Get medical atten­
tion immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into eff~ct the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
arises. 

SPILL PROCEDURES 

• Persons not wearing protective equipment and cloth­
ing should be restricted from areas of spills until cleanup 
has been completed. 
• If mercury is spilled, the following steps should be 
taken: 
I. Ventilate area of spill. 
2. Collect spilled material for reclamation using com­
mercia11y available mercury vapor depressants or spe­
cialized vacuum cleaners. 
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RESPIRATORY PROTECTION FOR INORGANIC MERCURY 

Condition 

Particulate or Vapor 
Concentration 

1 mg/m' or less 

5 mg/m' or less 

28 mg/m' or less 

Greater than 28 mg/ m' or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection• 

Required Above 0,1 mg/m' 

Any supplied-air respirator. 

Any self-contained breathing apparatus. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A Type C supplied-air respirator operated in pressure-demand or other positive 

pressure or continuous-flow mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full facepiece operated in pressure-demand or other positive pressure or continu­

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

Any gas mask providmg protect1on against mercury 

Any escape sell-contained breath1ng apparatus. 

'Only NIOSH-approved or MSHA-approved equ1pment should be used. 
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( Occupational Health Guideline for 
Selenium and Its Inorganic Compounds (as Selenium)* 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 
and other occupational health professionals who may 
have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 
and data in summary form. 

APPLICABILITY 

The general guidelines contained in this document 
apply to all selenium and its inorganic compounds. 
Physical and chemical properties of several specific 
compounds are provided for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Selenium 

• Formula: Se 
• Synonyms: Selenium, metallic; selenium, elemental 
• Appearance and odor: Black, gray, or red odorless 
solid. 

Sodium selenite 

• Formula: Na,SeO, 
• Synonyms: None 
• Appearance and odor: Colorless and odorless solid. 

Sodium selenate 

• Formula: Na,SeO, 
• Synonyms: None 
• Appearance and odor: Colorless and odorless solid. 

Selenium dioxide 

• Formula: SeO, 
• Synonyms: None 
• Appearance and odor: Colorless and odorless solid. 

Selenium oxychloride 

o Formula: SeOC!, 
• Synonyms: l'\one 
o Appearance: Colorless to yellow liquid. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for selenium and its inor­
ganic compounds is 0.2 milligram of selenium and its 
inorganic compounds (as selenium) per cubic meter of 
air (mg/m') averaged over an eight-hour work shift. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Selenium, sodium selenite, sodium selenate, or selenium 
dioxide can affect the body if they are inhaled, if they 
come in contact with the eyes or skin, or if they are 
swallowed. Selenium oxychloride and selenium dioxide 
may enter the body through the skin. 
• Effects of overexposure 
1. Short-term Exposure: Inhalation of large quantities of 
selenium dioxide or selenium oxychloride may cause 
severe breathing difficulties which may not appear for 
several hours after exposure. Skin contact with seleni­
um dioxide or selenium oxychlori:le may cause skin 
bums. Skin exposure to selenium dioxide dust may 
cause a skin rash. Splashes of selenium dioxide may 
cause eye irritation. Selenium dioxide dust may cause 
"rose eye," an allergy of the eyelids in which they may 
become puffy. 
2. Long-term Exposure: Prolonged exposure to seleni­
um, sodium selenite, sodium selenate, or selenium diox~ 
ide may cause paleness, coated tongue, stomach disor~ 
ders, nervousness. metallic taste and a garlic odor of the 
breath. Fluid in the abdominal cavity, damage to the 
liver and spleen. and anemia have been reported in 
animals. Prolonged skin contact with selenium oxide or 
selenium oxychloride may cause skin sensitization. 

These recommendations reflect good industrial hyg1ene and med!cal surveillance practices and their implementation will 
assist in achievmp an effective occupational health proqrarn. However, thev mav not be sufficient to achieve compliance 

~ with all requirem-ents of OSHA reguiati'Y'5 

U.S. DEPARTMENT DF HEALTH AND HUMAN SERVICES 
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3. Reporting Signs and Symptoms: A physician should be 
contacted if anyone develops any signs or symptoms 
and suspects that they are caused by exposure to 
selenium and its inorganic compounds. 
• Recommended medical surveillance 

he following medical procedures should be made 
available to each employee who is exposed to selenium 
and its inorganic compounds at potentially hazardous 
levels: 
1. Initial Medical Examination: 

-A complete history and physical examination: The 
purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Per­
sons with a history of asthma, allergies, or known 
sensitization to selenium, or with a history of other 
chronic respiratory disease, gastrointestinal distur­
bances, disorders of liver or kidneys, or recurrent 
dermatitis would be expected to be at increased risk 
from exposure. Examination of the eyes, respiratory 
system, liver, kidneys, and blood should be stressed. 
The skin should be examined for evidence of chronic 
disorders. Special consideration should be given to 
women of childbearing age since the possibility that 
selenium may be teratogenic might place these women 
in a high risk group. 

-Urinalysis: Proper function of the kidneys is neces­
sary to validate levels of selenium in the urine. A 
urinalysis should be obtained to include at a minimum 
specific gravity, albumin, glucose, and a microscopic on 
centrifuged sediment. 

-Liver function tests: Selenium causes liver damage 
and tumors in animals. A profile of liver function should 
be obtained by using a medically acceptable array of 
biochemical tests. 
2. Periodic Medical Examination: The aforementioned 
medical examinations should be repeated on an annual 
basis. 
• Summary of toxicology 
Elemental selenium and certain selenium compounds as 
dusts, vapors, and fumes irritate the eyes, upper respira­
tory tract, and skin. Animals exposed to selenium 
anhydride at a concentration of 150 mg/m 3 for 4 hours 
developed conjunctivitis, pulmonary edema, and con­
vulsions preceding death; there were degenerative 
changes in the liver, kidneys, spleen, and heart. Pro­
longed feeding of animals with diets containing seleni­
um in amounts of 5 to 15 ppm caused hepatic necrosis, 
hemorrhage. and cirrhosis; marked and progressive 
anemia occurred in some species. The possibillty of 
teratogenic effects from exposure to selenium has been 
raised, ba~ed upon observations in animals. but It has not 
been established in man. Eleven of 53 rats developed 
adenoma or low-grade carcinoma in cirrhotic livers, 
and four others had ad\·anced adenoma raid hyperpla:':.Ja, 
"fter havmg surv1ved for 18 to 24 months on dtets 

.:mtaining 5, 7. or IV ppm of seiemum: nn wmor~ 
occurred in 73 rats surviving less than 18 months. 
although after 3 months cirrhosis was frequent. In 
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control rats 18 to 24 months of age, the incidence ·of 
spontaneous hepatic rumors was less than 1 o/c. A group 
of workers briefly exposed to high concentrations of 
selenium fume developed severe irritation of the eyes, 
nose, and throat, followed by headaches; transient ( 
dyspnea occurred in one case. In workers exposed to an 
undetermined concentration of selenium oxide there 
was bronchospasm and dyspnea, followed within 12 
hours by chills, fever, headache, and bronchitis, leading 
to pneumonitis in a few cases; all were asymptomatic 
within a week. In a study of workers in a selenium plant, 
workroom air levels ranged from 0.2 to 3.6 mg/m3 , 

while urinary levels ranged from below 0.10 to 0.43 
mg/1; the chief complaints were garlic odor of the 
breath, metallic taste, gastrointestinal disturbances, and 
skin eruptions. An accidental spray of selenium dioxide, 
in unspecified form and concentration, into the eyes of a 
chemist caused superficial bums of the skin and immedi-
ate irritation of the eyes; within 16 hours vision was 
blurred, and the lower portions of both corneas ap­
peared dulled; 16 days after the accident the corneas 
were normal. Acute bums of the skin can be caused by 
selenium oxychloride and selenium oxide, which are 
highly vesicant. Contact with the fume of heated seleni-
um dioxide caused an acute, weeping dermatitis, with 
the development of hypersensitivity in some cases. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data-Selenium 
1. Molecular weight: 78.96 ( 
2. Boiling point (760 mm Hg): 685 C (1265 F) , 
3. Specific gravity (water= 1): 4.45 to 4.8 
4. Vapor density (air = 1 at boiling point of seleni­

um): Not applicable 
5. Melting point: 150 C (302 F) 
6. Vapor pressure at 20 C (68 F): Less than 0.001 mm 

Hg 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Insoluble 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Sodium selenite 

1. Molecular weight: 173 
2. Boiling point (760 mm Hg): Decomposes 
3. Speciftc gravity (water = 1): 3.1 
4. Vapor density (air = 1 at boiling point of sodium 

selenite): Not applicable 
5. Melting point: 710 C (1310 F) (decomposes'' 
6. Vapor pressure at 20 C (68 F): Less than 0.001 mg 

Hg 
7. Solubility in water, g/100 g water at 20 C (68 F), 

8. Evaporation rate (butyl acetate = 1 ): ~m appiica~ 
bit 
• Physical data-Sodium selenatE 

1 Molecular weight~ 18S.C 
2. Boihng pomt (760 mm Hg): Decompose' 
3. Specific gravlly (water= 1): 3.1 
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4. Vapor density (air = 1 at boiling point of sodium 
selenate)> Not applicable 

5. Melting point: Decomposes 
6. Vapor pressure at 20 C (68 F): Less than 0.001 mm 

Hg 
7. Solubility in water, g/200 g water at 20 C (68 F): 

83 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Selenium dioxide 

1. Molecular weight: 110.9 
2. Boiling point (760 mm Hg): 315 C (599 F) (sub­

limes) 
3. Specific gravity (water = 1 ): 3.95 
4. Vapor density (air= I at boiling point of selenium 

dioxide): Not applicable 
5. Melting point: 340 C (644 F) 
6. Vapor pressure at 20 C (68 F): 0.001 mm Hg 
7. Solubility in water, g/100 g water at 20 C (68 F): 

257 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Selenium oxychloride 

I. Molecular weight: 165.9 
2. Boiling point (760 mm Hg): 176 C (349 F) 
3. Specific gravity (water= 1): 2.42 
4. Vapor density (air = I at boiling point of selenium 

oxychloride): 5.7 
5. Melting point: 10.8 C (51 F) 
6. Vapor pressure at 20 C (68 F): 0.35 mm approxi­

mately 
7. Solubility in water, g/100 g water at 20 C (68 F): 

Decomposes 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Reactivity 

I. Conditions contributing to instability: None haz­
ardous 

2. Incompatibilities: Contact of selenium with acids 
may cause formation of poisonous hydrogen selenide 
gas. Contact of selenium with strong oxidizing agents 
may cause fires and explosions. 

3. Hazardous decomposition products: Toxic gases 
and vapors may be released in a fire involving selenium, 
sodium selenite, sodium selenate. selenium dioxide, and 
selenium oxychloride. 

4. Special precautions: None 
• Flammability 

I. Flash point: Not applicable 
2. Autoignition temperature: Selenium: Data not 

available; sodium selenite, sodium selenate, selenium 
dioxide. and selenium oxychloride: Not applicable 

3. Flammable limits in air. S'c by volume: Not appli­
cable 

4. Extinguishant: For selemum, water 
" VVarning properties 
The Documentation of TLV s note5o that "Cimton report­
ed intense irritatiOn of eyes, nose, and throat, folio wed 
by headache, in a group of workers bnefly exposed to 

September 1978 

high concentrations of selenium fume." The ILO re­
ports that "persons who work in atmospheres contain­
ing selenium dioxide dust may develop a condinon 
known among the workers as 'rose eye,' a pink allergy 
of the eyelids, which often become puffy. There is 
usually also a conjunctivitis of the palpebral conjuncti­
va but rarely of the bulbar conjunctiva." The Hygienic 
Information Guide for selenium states that "in contact 
with the eye, selenium compounds exert a rapid irritant 
action leading to inflammation." Grant reports that 
both selenium dioxide and selenium sulfide can produce 
toxic effects on the eye. Quantitative information con­
cerning air concentrations of selenium compounds 
which cause eye irritation is not available. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 

• Method 
Sampling and analyses may be performed by collection 
of selenium and its inorganic compounds on a filter. 
followed by treatment with acid and atomic absorpuon 
spectrophotometric analysis. An analytical method for 
selenium and its inorganic compounds is in the l\l/OSH 
Manual of Analytical Methods. 2nd Ed., Vol. 3. 1977. 

available from the Government Printing Office. Wash­
ington, D.C. 20402 (GPO No. 017-033-00261-4). 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
engineering controls be used to reduce environmental 
concentrations to the permissible exposure level. Ho\\-·~ 
ever, there are some exceptions where respirators rna) 

be used to control exposure. Respirators may be used 
when engineering and work practice controls are nor 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels. and in emergency situations. If the use of 

respirators is necessary, the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce­

ment and Safety Aaministration) or by the Nauona: 
Institute for Occupational Safe1y and Health 

" ln addiuon w resptrawr selection. a complete re~plrc­
tory protecuon program should be instituted wh1ch 
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includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent any possibility of skin contact with 
selenium oxychloride or liquids containing selenium 
oxychloride. 
• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent repeated or prolonged skin contact 
with selenium, sodium selenite, sodium selenate, or 
liquids containing these compounds. 
• Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent skin contact with selenium dioxide 
or liquids containing selenium dioxide, where skin con­
tact may occur. 
• If employees' clothing has had any possibility of 
being contaminated with selenium oxychloride, sodium 
selenite,sodium selenate, selenium dioxide, or liquids 
containing these compounds, employees should change 
into uncontaminated clothing before leaving the work 
premises. 
• Clothing which has had any possibility of being 
contaminated with selenium oxychloride, sodium selen­
ite, sodium selenate, or selenium dioxide should be 
placed in closed containers for storage until it can be 
discarded or until provision is made for the removal of 
contaminant from the clothing. If the clothing is to be 
laundered or otherwise cleaned to remove the contami­
nant, the person performing the operation should be 
informed of contaminant's hazardous properties. 
• Where there is any possibility of exposure of an 
employee's body to selenium, selenium oxychloride. 
sodium selenite, sodium selenate, selenium dioxide, or 
liquids containing these compounds, facilities for quick 
drenching of the body should be provided within the 
immediate V.'ork area for emergency use. 
• Non-impervious clothing which becomes contami­
nated with selenium, sodium selenite, sodium selenate, 
selenium dioxide or liquids containing these compounds 
should be removed promptly and not reworn until the 
contaminant is removed from the clothing, 
• Non-impervious clothing which becomes contami­
nated with selemum oxychloride should be removed 
immediately and not reworn until the selenium oxvch-
loride is removed from the clothing. -
• Employees should be provided with and required tc 
use dust- and splash-proof safety goggles where there i~ 
.ny possibility of selenium dioxide. selemum oxvchlor· 

ide, or liquids containing these compounds co~tacting 
the eyes 
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• Employees should be provided with and required to 
use dust- and splash-proof safety goggles where sodium 
selenite, sodium selenate, or liquids containing these 
compounds may contact the eyes. 

• Where there is any possibility that employees' eyes 
may be exposed to selenium oxychloride, selenium 
dioxide, or liquids containing these compounds, an eye­
wash fountain should be provided within the immediate 
work area for emergency use. 

SANITATION 

• Vv' orkers subject to skin contact with selenium oxych­
loride, sodium selenite, sodium selenate, selenium diox­
ide, or liquids containing these compounds should wash 
any areas of the body which may have contacted 
selenium oxychloride, sodium selenite, sodium selenate, 
selenium dioxide, or liquids containing these com­
pounds at the end of each work day. 
• Skin that becomes contaminated with selenium 
sodium selenite, sodium selenate, selenium dioxide, o; 
liquids containing these substances should be promptly 
washed or showered to remove any contaminant. 
• Skin that becomes contaminated with selenium ox­
ychloride should be immediately washed or showered 
to remove any selenium oxychloride. 
• Eating and smoking should not be permitted in areas 
where selenium oxychloride, sodium selenite, sodium 
selenate, selenium dioxide, or liquids containing these 
compounds are handled, processed, or stored. 
• Employees who handle selenium oxychloride, 
sodium selenite, sodium selenate, selenium dioxide, or 
liquids containing these compounds should wash their 
hands thoroughly before eating, smoking, or using toilet 
facilities. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to selenium and its inorganic com­
pounds may occur and control methods which may be 
effective in each case: 

Operation 

Liberation during mining 
recovery, and 
purification and 
manufacture of 
selemum compounds 

Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
eqUipment 
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Operation 

Use in glassware 
industry for 
decolorization of 
fiberglass, scientific 
glassware, vehicular tail 
lights, traffic and other 
signal lenses, and 
infrared equipment; use 
in manufacture of 
electrical components 
in welding, 
transformers, 
semiconductors, 
photoelectric cells, etc. 

Use in manufacture of 
photography and 
photocopy devices; 
manufacture of dyes, 
pigments, and colored 
glazes for metal etching 
and for printing on glass 

Use in manufacture of 
lubricating oils and 
extreme pressure 
lubricants as 
antioxidants and 
detergency improvers 

Use in rubber industry 
for manufacture and 
use as vulcanization 
accelerators and 
antioxidants; use in 
manufacture of 
pharmaceuticals, 
fungicides, and 
dermatitis control 

Use as a catalyst for 
hardening fats for 
soaps, waxes, edible 
fats, and plastics 

Use in manufacture of 
insecticides, 
parasiticides, 
bactericides, and 
herbicides for 
agricultural and citrus 
crops 

Use in manufacture of 
flame-prootmg agents 
on text1les and electriC 
cables 
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Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
d1lut1on ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Loca! exhaus: 
ventilation; genera! 
dllui1on vent11at1on; 
personal protective 
equ1pment 

Operation 

Use in manufacture of 
delayed action blasting 
caps 

Use as solvents in paint 
and varnish removers; 
rubber, resin, and glue 
solvent; use for organic 
synthesis in oxidation, 
hydrogenation, and 
dehyrogenat1on 

Use in refining of 
copper, silver, gold, or 
nickel ores or during 
recycling of scrap metal 

Use in miscellaneous 
operations in 
manufacture of insect 
repellants, activators, 
hardeners, special 
ceramic materials, 
plasticizers, and 
mercury vapor 
detectors 

Use for preparation of 
feed additives for 
poultry and swine 

Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation: 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce­
dures and send for first aid or medical assistance. 

• Eye Exposure 
If selenium or its inorganic compounds get into the 
eyes, wash eyes immediately with large amounts of 
water, lifting the lower and upper lids occasionally. Get 
medical attention immediately. Contact lenses should 
not be worn when working with these chemicals. 

• Skin Exposure 

If selenium or its inorganic compounds get on the skin, 
immediately wash the contaminated skin. If selenium, 
sodium selenite. sodium selenate, or selenium dioxide 
soak through the clothmg. remove the clothing immedi­
ately and wash the skin. If irritation persists after 
v.,ashing. get medical attention. 

• Breathin& 
If a person breathes in large amounts of selenium 
sod!um selenite. sodium selenate, or selenium dioxide. 
move the exposed person to fresh au at once. If 
breathing has stopped, perform artiftcial respiration 
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Keep the affected person warm and at rest. Get medical 
attention as soon as possible. 
• Swallowing 
When selenium, sodium selenite, sodium selenate, sele­
nium oxychloride, or selenium dioxide have been swal­
lowed and the person is conscious, give the person large 
quantities of water immediately. After the water has 
been swallowed, try to get the person to vomit by 
having him touch the back of his throat with his finger. 
Do not make an unconscious person vomit. Get medical 
attention immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
arises. 

SPILL AND DISPOSAL PROCEDURES 

• Persons not wearing protective equipment and cloth­
ing should be restricted from areas of spills until cleanup 
has been completed. 
• If selenium or its inorganic compounds are spilled, 
the following steps should be taken: 
I. Ventilate area of spill. 
2. Collect spilled material in the most convenient and 
safe manner and deposit in sealed containers for recla­
mation or for disposal in a secured sanitary landfill. 
Liquid containing selenium and its inorganic com­
pounds should be absorbed in vermiculite, dry sand, 
earth, or a similar material. 
• Waste disposal method: 
Selenium and its inorganic compounds may be disposed 
of in sealed containers in a secured sanitary landfill. 
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* SPECIAL NOTE 

Selenium and its inorganic comr<:unds (as selenium} 
appear on the OSHA "Candidate· Lrst" of chemJcal' 
bemg considered for further scient::·:::: review regardmg 
their carcinogenicity (Federal Ro-~~ r:rqr. Vol. 45. J'.,;o 
157. rr. 5372-5379.12 August JLJ~ 
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RESPIRATORY PROTECTION FOR SELENIUM AND ITS INORGANIC COMPOUNDS (AS 

SELENIUM) 

Condition 

Particulate Concentration 

10 mg/m' or less 

100 mg/m' or less 

Greater than 1 DO mg/ m' or 
entry and escape from 
unknown concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection• 

Required Above 0.2 mg/m' 

A high efficiency particulate !titer respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A Type C supplied-air respirator with a full facepiece operated in pressure­

demand or other positive pressure mode or with a full facepiece, helmet, or hood 

operated in continuous-flow mode. 

A powered air-purifying respirator with a high efficiency particulate filter and a full 

tacepiece, helmet, or hood. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full facepiece operated in pressure-demand or other positive pressure or continu­

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

A high efficiency particulate filter respirator with a full facepiece. 

Any escape self-contained breathing apparatus with a full facepiece. 

•only NIOSH-approved or MSHA-approved equipment should be used. 
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Occupational Health Guideline for 
Selenium Hexafluoride 

INTRODUCTION 

This guideline is intended as a source of information for 
employees, employers, physicians, industrial hygienists, 

and other occupational health professionals who may 

have a need for such information. It does not attempt to 
present all data; rather, it presents pertinent information 

and data in summary form. 

SUBSTANCE IDENTIFICATION 

• Formula: SeF, 
• Synonyms: None 
• Appearance: Colorless gas. 

PERMISSIBLE EXPOSURE LIMIT (PEL) 

The current OSHA standard for selenium hexafluoride 
is 0.05 part of selenium hexafluoride per million parts of 

air (ppm) averaged over an eight-hour work shift. This 

may also be expressed as 0.4 milligram of selenium 
hexafluoride per cubic meter of air (mg/m'). 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Selenium hexafluoride can affect the body if it is inhaled 
or if it comes in contact with the eyes or skin. 
• Effects of overexposure 
Animal experiments have shown selenium hexafluoride 

to be a severe respiratory irritant which has produced 

severe breathing difficulties. These breathing difficul­
ties may be delayed in onset. 
• Reporting signs and symptoms 
A physician should be contacted if anyone develops any 
signs or symptoms and suspects that they are caused by 

exposure to selenium hexafluoride. 
• Recommended medical surveillance 
The following medical procedures should be made 

available to each employee who is exposed to selenium 

hexafluoride at potentially hazardous levels: 
1. Initial Medical Examination: 

-A complete history and physical examination: The 

purpose is to detect pre-existing conditions that might 
place the exposed employee at increased risk, and to 
establish a baseline for future health monitoring. Exami­

nation of the respiratory tract should be stressed. 
-14" x 1 7'' chest roentgenogram: Selenium hexa­

fluoride causes lung damage in animals. Surveillance of 
the lungs is indicated. 

-FVC and FEY (I sec): Selenium hexafluoride is a 

severe pulmonary irritant in animals. Persons with 

impaired pulmonary function may be at increased risk 
from exposure. Periodic surveillance is indicated. 
2. Pericdic Medical Examination: The aforementioned 

medical examinations should be repeated on an annual 

basis, except that an x-ray is necessary only when 

indicated by the results of pulmonary function testing, 
or when signs and symptoms of respiratory disease 

occur. 
• Summary of toxicology 
Selenium hexafluoride gas is a severe respiratory irriR 
tant in animals. Exposure of four animal species to 10 
ppm for 4 hours was fatal; 5 ppm for 4 hours was not 
fatal but caused pulmonary edema, while I ppm pro­

duced no effects. Animals exposed to 5 ppm for I hour 

daily for 5 days developed signs of pulmonary injury; 1 
ppm for the same time period caused no detectable 
effects. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data 
1. Molecular weight: 193 

2. Boiling point (760 mm Hg): -35 C (-31 F) 
3. Specrfrc gravity (water= 1): 2.3 (liquid) 
4. Vapor density (a!T = 1 at boiling pomt of selenium 

hexaf1uoride): 6.~ 
5. Melting point: -39 C (- 38 F) 
6. Vapor pressure at 20 C (68 F): Greater than I 

atmosphert 
i. Solubil!l\ 111 water. g/100 g water at 20 C (68 F): 

lnsoluhle: reacts -;lew,-]~ 

These recommendations reflect good Industrial hygiene and medical surveillance practices and their implementation will 

ass1st in ach1evmg an ettective occupational health program. However, they may not be sufficient to achieve compliance 
with a!l requirements of OSHA regulations 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Pubhc Health ::,erv1ce Centers lor D1sease Control 

Nat1onal lnst1tute for Occupational Satety and Healtt 
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8. Evaporation rate (butyl acetate = 1): Not applica­
ble 
• Reactivity 

1. Conditions contributing to instability: None 
2. Incompatibilities: None 
3. Hazardous decomposition products: Data not 

available 
4. Special precautions: None 

• Flammability 
I. Not combustible 
2. See 29 CFR 1910.101 for specific regulations on 

storage of compressed gas cylinders. 
• \\''arning properties 

I. Odor Threshold: No quantitative information is 
available concerning the odor threshold of selenium 
hexafluoride. 

2. Eye Irritation Level: There is no indication in the 
available toxicological information that selenium hexa­
fluoride produces eye irritation. Concerning fluorides. 
however, Grant states that "irritation of the eyes and 
nose has been reported when fluoride concentration has 
reached 5 mg/m 3 of air." 

3. Evaluation of Warning Properties: Since no quan­
titative information is available relating warning prop¥ 
erties to air concentrations of selenium hexafluoride, 
this compound is treated as a material with poor warn­
ing properties. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single eight-hour sample or on two four-hour 
samples. Several short-time interval samples (up to 30 
minutes) may also be used to determine the average 
exposure level. Air samples should be taken in the 
employee's breathing zone (air that would most nearly 
represent that inhaled by the employee). 
• Method 
Sampling and analyses may be performed by collection 
of vapors using an adsorption tube with a subsequent 
chemical analysis of the adsorption rube. Also. detector 
tubes certified by NlOSH under 42 CFR Pan 84 or 
other direct·reading devices calibrated to measure sele­
nium hexfluoride may be used. An analytical method 
for selenium hexafluoride is in the lVIOSH lWanual u_/ 
Analyiical Me/hods. 2nd Ed .. Vol 3. 1977, availabit 
from the Government Printing Office. \Vashing:ton. 
D.C. 20402 (GPO No. 017-033-00261-41 

RESPIRATORS 

• Good industrial hygiene practices recommend that 
""ngineering: controls be used ro reduce environrnentJ. 

mcentrations to the permissible exposure level. HO\\­
ever, there are some exceptions where resp1rators rna;. 
be used to control exposure. Respirators may be used 

2 Selenium Hexafluoride 

when engineering and work practice controls are not 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary. the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce­
ment and Safety Administranon) or by the National 
Institute for Occupational Safety and Health. 
• In addition to respirator selection, a complete respira· 
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

COMMON OPERATIONS AND CONTROLS 

The following list includes some common operations in 
which exposure to selenium hexafluoride may occur 
and control methods which may be effective in each 
case: 

Operation 

Use as a gaseous 
electric insulator 

Use during production 
of selenium hydroxide 
and hydrofluoric acid, 
selenium and nitrogen 

Controls 

Process enclosure; 
local exhaust 
ventilation; personal 
protective equipment 

Process enclosure; 
local exhaust 
ventilation; personal 
protective equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce­
dures and send for first aid or medical assistance. 
• Breathing 
If a person breathes in large amounts of selenium 
hexafluoride, move the exposed person to fresh air at 
once. If breathing has sroppeci. perform artificial respi­
ration. Keep the affected person warm and at rest. Get 
medical attention as soon as possible. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some· 
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
anse~ 

LEAK PROCEDURES 

• Persons not wearing protec:\e eqUlpmem and cloth­
ing should be restricted from 2.~ea~ of leak~ until cleanup 
ha~ been completed 
• If selemum hexafluoride is leaked, the following step:-, 
should be taken 
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I. Ventilate area ofleak. 
2. Stop flow of gas. If source of leak is a cylinder and 

the leak cannot be stopped in place, remove the leaking 

cylinder to a safe place in the open air, and repair the 

leak or allow the cylinder to empty. 

the Threshold Limit Values for Substances in Workroom 

Air (3rd ed., 2nd printing). Cincinnati, 1974. 

• American Industrial Hygiene Association: "Selenium 

and Compounds," Hygienic Guide Series, Detroit, 

Michigan, 1959. 

REFERENCES • Grant, W. M.: Toxicology of the Eye (2nd ed.), C. C. 

Thomas, Springfield, Illinois, 1974. 

• American Conference of Governmental Industrial 

Hygienists: "Selenium Hexafluoride," Documentation of 
• Patty, F. A. (ed.): Toxicology, VoL II of Industrial 

Hygiene and Toxicology (2nd ed. rev.), Interscience, 

New York, 1963. 

RESPIRATORY PROTECTION FOR SELENIUM HEXAFLUORIDE 

Condition 

Gas Concentration 

0.5 ppm or less 

2.5 ppm or less 

5 ppm or less 

Greater than 5 ppm or entry 
and escape from unknown 
concentrations 

Fire Fighting 

Escape 

Minimum Respiratory Protection* 

Required Above 0.05 ppm 

Any supplied-air respirator. 

Any self-contained breathing apparatus. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A Type C supplied-air respirator operated in pressure-demand or other positive 

pressure or continuous-flow mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full facepiece operated in pressure-demand or other positive pressure or continu· 

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

Any gas mask providing protection against selenium hexafluoride. 

Any escape self-contained breathing apparatus. 

'Only NIOSH-approved or MSHA-approved equipment should be used. 
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c Occupational Health Guideline for 

Silver Metal and Soluble Silver Compounds 

INTRODUCTION 

This guideline is intended as a source of information for 

employees, employers, physicians, industrial hygienists, 

and other occupational health professionals who may 

have a need for such information. It does not attempt to 

present all data; rather, it presents pertinent information 

and data in summary form. 

APPLICABILITY 

The general guidelines contained in this document 

apply to metallic silver and all soluble silver com­

pounds. Physical and chemical properties of several 

specific compounds are provided for illustrative pur­

poses. 

SUBSTANCE IDENTIFICATION 

Silver, metallic 

• Formula: Ag 

• Synonyms: None 

• Appearance and odor: Characteristic white metallic 

solid with no odor. 

Silver nitrate 

• Formula: AgNO, 

• Synonyms: Argerol; lunar caustic 

• Appearance and odor: Colorless and odorless solid 

which may become gray on storage. 

Silver fluoride 

• Formula: AgF 

• Synonyms: None 

• Appearance and odor: Yellow-white, odorless solid. 

PERMISSIBLE EXPOSURE LIMIT (PEL} 

The current OSHA standard for silver metal and solu­

ble silver compounds is 0.01 milligram of silver metal 

and soluble silver compounds per cubic meter of air 

(mg/m') averaged over an eight-hour work shift. The 

American Conference of Governmental Industrial Hy­

gienists has issued a Notice of Intended Changes of its 

recommended Threshold Limit Value for silver metal 

and soluble silver compounds from 0.01 mg/m' to 0.1 

mg/m 3
. 

HEALTH HAZARD INFORMATION 

• Routes of exposure 
Silver or soluble silver compounds can affect the body 

if they are inhaled or if they come in contact with the 

eyes or skin. They can also affect the body if they are 

swallowed. 
• Effects of overexposure 
Silver or soluble silver compounds can cause discolor­

ation or blue-gray darkening of the eyes, nose, throat, 

and skin. Silver nitrate is strongly corrosive and can 

cause burns and permanent damage to the eyes and can 

burn the skin. 
• Reporting signs and symptoms 
A physician should be contacted if anyone develops any 

signs or symptoms and suspects that they are caused by 

exposure to silver metal or soluble silver compounds. 

• Recommended medical surveillance 

The following medical procedures should be made 

available to each employee who is exposed to silver 

metal and soluble silver compounds at potentially haz­

ardous levels: 
1. Initial Medical Examination: 

-Examination of the nasal septum, eyes. and skin for 

evidence of pigmentation: The purpose is to establish a 

baseline for future observations of silver deposition in 

tissues. 
2. Periodic ltledical Examination: The aforementioned 

These recommendations reflect good industrial hygiene and medical surveillance pract1ces and their implementation wi!! 

assist in ach1ev1ng an effective occupational health program. However. they may not be sufficient to achieve compliance 

with ali requirements oi OSHA regulations 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service Centers for D1sease Cont:ol 

National Institute for Occupational Safety and Healtr· 
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medical examinations should be repeated on an annual 
basis. 
• Summary of toxicology 
The dust of silver and its soluble compounds cause 
argyria, the local or generalized impregnation of the 
nucous membranes, skin,- and eyes with silver. Local~ 

ized argyria occurs in the skin, eyes, nasal septum and 
throat, where gray-blue patches of pigmentation are 
formed without evidence of tissue reaction. Generalized 
argyria is recognized by the widespread pigmentation 
of the skin and may be seen first in the conjunctiva, with 
some localization in the inner canthus. Argyrosis of the 
respiratory tract has been described in two workers 
involved in the manufacture of silver nitrate; their only 
symptom was mild, chronic bronchitis; bronchoscopy 
revealed tracheobronchial pigmentation; biopsy of the 
nasal mucous membrane showed silver deposition in the 
subepithelial area. A total body burden from I to 5 g of 
silver will lead to generalized argyria. Silver, once 
deposited in the body, is poorly excreted in the urine in 
amounts detectable by spectrochemical methods. Silver 
nitrate (lunar caustic) may cause irritation, ulcers, and 
discoloration of skin; if ingested, it may cause abdomi­
nal pain and gastroenteritis. 

CHEMICAL AND PHYSICAL PROPERTIES 

• Physical data-Silver, metallic 
I. Molecular weight: 107.9 
2. Boiling point (760 mm Hg): 2200 C (3992 F) 
3. Specific gravity (water= I): 10.4 
4. Vapor density (air = I at boiling point of metallic 

silver): Not applicable 
5. Melting point: 966 C (1771 F) 
6. Vapor pressure at 20 C (68 F): Negligible 
7. Solubility in water, g/100 g water at 20 C (68 F): 

lnsoluble 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Silver nitrate 

I. Molecular weight: 169.9 
2. Boiling point (760 mm Hg): 444 C (831 F) (decom­

poses) 
3. Specific gravity (water= 1): 4.4 
4. Vapor density (air = I at boiling point of silver 

nitrate): Not applicable 
5. Melting point: 209 C (408 F) 
6. Vapor pressure at 20 C (68 F): Negligible 
7. Solubility in water, g/100 g water at 20 C (68 F): 

245 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Physical data-Silver fluoride 

I. Molecular weight: 126.9 
2. Boilmg point (760 mm Hg): 1159 C (2119 F) 

1 approximately) 
3. Specifrc gravrty (water= 1): S.o 
4. Vapor densny (air = 1 a1 boilmg pomt of silver 

fluoride): Not applicable 

2 Sliver Metal and Soluble Suver Compounds 

5. Melting point: 435 C (815 F) 
6. Vapor pressure at 20 C (68 F): Negligible 
7. Solubility in water, g/100 g water at 20 C (68 F): 

64 
8. Evaporation rate (butyl acetate = 1): Not applica­

ble 
• Reactivity 

I. Conditions contributing to instability: Heat 
2. Incompatibilities: Contact of metallic silver and 

soluble silver compounds with acetylene may cause 
formation of silver acetylide that is sensitive to shock. 
Contact with ammonia may cause formation of com­
pounds that are explosive when dry. Contact with 
strong hydrogen peroxide solutions will cause violent 
decomposition 10 oxygen gas. 

3. Hazardous decomposition products: Toxic gases 
and vapors (such as oxides of nitrogen) may be released 
when some soluble silver compounds decompose. 

4. Special precautions: Soluble silver compounds 
will attack some forms of plastics, rubber, and coatings. 
• Flammability 

I. Most soluble silver compounds are not combusti­
ble. However, silver nitrate is a strong oxidizing materi­
al capable of increasing the flammability of combusti· 
ble, organic, or other readily oxidizable materials. The 
following soluble silver compounds are explosives and 
should be stored and handled in accordance with 29 
CFR 1910.109: silver acetylide, silver azide, silver ful­
minate, silver oxalate mixtures, silver styphnate, silver 
tartarate mixtures. and silver tetrazene. 
• \\''arning prop-erties 
According to Stecher "many silver salts are irritating . 
. to mucous membranes." Grant notes that many simple 
silver salts and sil\'er ammonium compounds are injuri­
ous to the eye. According to Grant, "a great many 
reports have been published describing argyrosis of the 
eye, either from local contact with silver compounds or 
as a part of a generalized argyrosis from systemic 
absorption of sih·er or its compouhds." Since there are 
inadequate data to assess the effects on the eye at or near 
the permissible exposure limit, for the purposes of this 
guideline. silver metal and soluble silver compounds are 
considered to ha\·e poor warning properties. 

MONITORING AND MEASUREMENT 
PROCEDURES 

• General 
Measurements to determine employee exposure are best 
taken so that the average eight-hour exposure is based 
on a single etg:hr-hour sample or on two four-hour 
samples. Several shan-time interval samples (up to 30 
minutes) may als,o be used to determine the average 
exposure le\'el An samples should be taken in the 
employ·'ee's brearhmg zone (air that would most neari~ 
represent tha: n:i·,:::.:ed by the employTc) 

• Method 

An analyticai metnod. for silver metal and soluble silver 
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compounds is in the NJOSH Manual of Analytical 

Methods, 2nd Ed., Vol. 3, 1977, available from the 
Government Printing Office, Washington, D.C. 20402 
(GPO No. 017-033-00261-4). 
technically feasible, when such controls are in the 
process of being installed, or when they fail and need to 
be supplemented. Respirators may also be used for 
operations which require entry into tanks or closed 
vessels, and in emergency situations. If the use of 
respirators is necessary, the only respirators permitted 
are those that have been approved by the Mine Safety 
and Health Administration (formerly Mining Enforce­
ment and Safety Administration) or by the National 
Institute for Occupational Safety and Health. 
o In addition to respirator selection, a complete respira­
tory protection program should be instituted which 
includes regular training, maintenance, inspection, 
cleaning, and evaluation. 

PERSONAL PROTECTIVE EQUIPMENT 

o Employees should be provided with and required to 
use impervious clothing, gloves, face shields (eight-inch 
minimum), and other appropriate protective clothing 
necessary to prevent skin contact with powdered metal­
lic silver or solids or liquids containing soluble silver 
compounds, where skin contact may occur. 
• If employees' clothing may have become contaminat­
ed with solids or liquids containing soluble silver com­

pounds, employees should change into uncontaminated 
clothing before leaving the work premises. 
• Clothing contaminated with metallic silver or soluble 
silver compounds should be placed in closed containers 
for storage until it can be discarded or until provision is 
made for the removal of substances from the clothing. If 
the clothing is to be laundered or otherwise cleaned to 
remove the substances, the person performing the oper­
ation should be informed of substances' hazardous prop­

erties. 
• Non-impervious clothing which becomes contami­
nated with metallic silver or soluble silver compounds 
should be removed promptly and not reworn until the 
metallic silver or soluble silver compounds are removed 
from the clothing. 
• Employees should be provided with and required to 
use dust- and splash-proof safety goggles where there is 
any possibility of powdered metallic silver or solids or 
liquids containing soluble silver compounds contacting 
the eyes. 
• Where there is any possibility that employees' eyes 
may be exposed to silver nitrate or solutions containing 
5 percent or more silver nitrate by weight, an eye-wash 

fountain should be provided within the immediate work 
area for emergency use. 

SANITATION 

• Skin that becomes contaminated with metallic sihTr 

or soluble silver compounds should be promptly 
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washed or showered to remove any metallic silver or 

soluble silver compounds. 
• Eating and smoking should not be permitted in areas 
where metallic silver or solids or liquids containing 

soluble silver compounds are handled, processed, or 
stored. 
• Employees who handle powdered metallic silver or 
solids or liquids containing soluble silver compounds 
should wash their hands thoroughly before eating, 
smoking, or using toilet facilities. 

COMMON OPERATIONS AND CONTROLS 

The following list includes' some common operations in 
which exposure to silver metal and soluble silver com­
pounds may occur and control methods which may be 
effective in each case: 

Operation 

Liberation during mining 
and purification from 
ore; during refining from 
secondary sources 

Use in manufacture of 
silver nitrate lor use in 
photography, mirrors, 
plating, inks, dyes, and 
porcelain; and as 
germicides, antiseptics, 
caustics, and analytical 
reagents 

Use in manufacture of 
silver salts as catalysts 
in oxidation-reduction 
and polymerization 
reactions; in chemical 
synthesis; in glass 
manufacture, in silver­
plating, in photography, 
as laboratory reagents, 
and in medicine 

Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Process enclosure; 
local exhaust 
ventilation; personal 
protective equipment 

Process enclosure; 
local exhaust 
ventilation; personal 
protective equipment 

Silver Metal and Soluble Suver Compounc.::; .:! 



Operation 

Liberation from 
manufacture and 
casting of alloys; during 
·lbrication of silver 
.• tela!, alloys, and bi­
metals for electrical 
uses; and during 
electroplating 
operations and 
fabrication of solders 
and brazing alloys; 
during manufacture and 
use of photographic 
chemicals and 
materials; during 
manufacture of mirrors, 
and during manufacture 
of silver powder 
pigments and paints 

Use during manufacture 
of silver powder 
pigments and paints; 
during manufacture of 
mirrors; during 
manufacture of 
photographic chemicals 
and materials 

Controls 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

Local exhaust 
ventilation; general 
dilution ventilation; 
personal protective 
equipment 

EMERGENCY FIRST AID PROCEDURES 

In the event of an emergency, institute first aid proce­
dures and send for first aid or medical assistance. 
o Eye Exposure 
If powdered metallic silver or solids or liquids contain­
ing soluble silver compounds get into the eyes, wash 
eyes immediately with large amounts of water, lifting 
the lower and upper lids occasionally. Get medical 
atte,-,tion immediately. Contact lenses should not be 
worn when working with this chemical. 
• Skin Exposure 
If powdered metallic silver or solids or liquids contain­
ing soluble silver compounds get on the skin, flush the 
contaminated ,kin with water. If powdered metallic 
silver or solids or liquids containing soluble silver 
compounds penetrate through the clothing, remove the 
clothing immediately and flush the skin with water. If 
irritation is present after washing, get medical attention. 
Other silver compounds should be removed by prompt­
ly flushing the skin with water. 
• Breathing 
If a person breathes in large amounts of silver metal or 
soluble silver compounds. move the exposed person to 
fresh air at once. If breathing has stopped, perform 

+ificial respiration. Keep the affected per~on warn: 
J at rest. Get medical attention as soon a~ possibk. 

• Swallowing 

4 Silver Metal and Soluble Silver Compouna" 

If silver nitrate or dther corrosive soluble silver corn­
pounds have been swallowed and the person is con­
scious, give him large quantities of water immediately 
to dilute the silver nitrate or other corrosive silver 
compounds. Do not attempt to make the exposed 
person vomit. Get medical attention immediately. 
When non-corrosive soluble silver compounds have 
been swallowed, give the person large quantities of 
water immediately. After the water has been swal­
lowed, try to get the person to vomit by having him 
touch the back of his throat with his finger. Do not 
make an unconscious person vomit. Get medical atten­
tion immediately. 
• Rescue 
Move the affected person from the hazardous exposure. 
If the exposed person has been overcome, notify some­
one else and put into effect the established emergency 
rescue procedures. Do not become a casualty. Under­
stand the facility's emergency rescue procedures and 
know the locations of rescue equipment before the need 
anses. 

SPILL, LEAK, AND DISPOSAL 
PROCEDURES 

• Persons not wearing protective equipment and cloth­
ing should be restricted from areas of spills or leaks until 
cleanup has been completed. 
• If powdered silver metal or soluble silver compounds 
are spilled or leaked, the following steps should be 
taken: 
I. Ventilate area of spill or leak. 
2. Collect spilled material in the most convenient and 
safe manner and deposit in sealed containers for recla­
mation or for disposal in a secured sanitary landfill. 
Liquid containing silver metal or soluble silver com­
pounds should be absorbed in vermiculite, dry sand, 
earth, or a similar material. 
o Waste disposal method: 
Silver metal and soluble silver compounds may be 
disposed of in sealed containers in a secured sanitary 
landfill 
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RESPIRATORY PROTECTION FOR SILVER METAL AND SOLUBLE SILVER COMPOUNDS 

Condition 

Particulate Concentration 

0.5 mgl m' or less 

10 mg/m' or less 

20 mg/m' or less 

Greater than 20 mg/m' or 
entry and escape from 
unknown concentrations 

Fire F1ght1ng 

Minimum Respiratory Protection • 

Required Above 0.01 mg/m' 

A high efficiency particulate filter respirator with a full facepiece. 

Any supplied-air respirator with a full facepiece, helmet, or hood. 

Any self-contained breathing apparatus with a full facepiece. 

A powered air-purifying respirator with a full facepiece and a high efficiency 

particulate filter. 

A Type C supplied-air respirator with a full facepiece operated in pressure­

demand or other positive pressure mode or with a full facepiece, helmet, or hood 

operated in continuous-flow mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

A combination respirator which includes a Type C supplied-air respirator with a 

full facepiece operated in pressure-demand or other posit1ve pressure or continu­

ous-flow mode and an auxiliary self-contained breathing apparatus operated in 

pressure-demand or other positive pressure mode. 

Self-contained breathing apparatus with a full facepiece operated in pressure­

demand or other positive pressure mode. 

•only NIOSH-approved or MSHA-approved equ1pment should be used. 
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A. Identification and Treatment 

1) Heat Exhaustion 

a) 

b) 

Symptoms: Usually begins with muscular weakness, 

dizziness, nausea, and a staggering gait. Vomiting is 

frequent. The bowels may move involuntarily. The 

victim is very pale, his skin is clammy, and he may 

perspire profusely. The pulse is weak and fast, his 

breathing is shallow. He may faint unless he lies 

down. This may pass, but sometimes it remains and death 

could occur. 

First-Aid: Immediately remove the victim to the 

Decontamination Reduction Zone in a shady or cool area 

with good air circulation. Remove all protective outer 

wear. Call a physician. Treat the victim for shock. 

(Make him lie down, raise his feet 6-12 inches, and keep 

him warm but loosen all clothing.) If the victim is 

conscious, it may be helpful to give him sips of a salt 

water solution (1 teaspoon of salt to 1 glass of 

water). Transport victim to a medical facility. 

2) Heat Stroke 

a) Symptoms: This is the most serious of heat casualties 

due to the fact that the body excessively overheats. 

Body temperatures often are between 107°-ll0°F. First 

there is often pain in the head, dizziness, nausea, 

oppression, and a dryness of the skin and mouth. 

Unconsciousness follows quickly and death is imminent if 

exposure continues. The attack will usually occur 

suddenly. 

b) First-Aid: Immediately evacuate the victim to a cool 

and shady area in the Decontamination Reduction Zone. 
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Removal all protective outer wear and all personal 

clothing. Lay him on his back with the head and 

shoulders slightly elevated. It is imperative that the 

body temperature be lowered immediately. This can be 

accomplished by applying cold wet towels, ice bags, 

etc. , to the head. Sponge off the bare skin with cool 

water or rubbing alcohol, if available, or even place 

him in a tub of cool water. The main objective is to 

cool him without chilling him. Give no stimulants. 

Transport the victim to a medical facility as soon as 

possible. 

B. Prevention of Heat Stress 

1) One Of the major causes of heat casualties is the depletion 

of body fluids. On the site there will be plenty of fluids 

available. Personnel should replace water and salts loss 

from sweating. Salts can be replaced by either a 0.1% salt 

solution, more heavily salted fooas, or commercial mixes such 

as Gatorade. The commercial mixes are advised for personnel 

on low sodium diets. 

2) A work schedule will be established so that the majority of 

the work day will be during the morning hours of the day 

before ambient air temperature levels reach their highs. 
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3) A work/rest guideline will be implemented for personnel 
required to wear Level B protection, if this situation 
arises. This guideline is as follows: 

Ambient Temperatures 

Above 90°F 
8Q0-9QOF 

70°-80°F 
60°-70°F 
50°-60°F 
40°-50°F 
3Q0-4QOF 

Below 30°F 

Maximum Wearing Time 

1/2 hour 
1 hour 
2 hours 
3 hours 
4 hours 
5 hours 
6 hours 
8 hours 

A sufficient period will be allowed for personnel to "cool 
down". This may require shifts of workers during operations. 
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NUS WELL RECORD 

Project: Hukill Chemical 
We 11 No. : ..!:G!.:-.£:..2 ________ _ 
Coordinates: See Figure 1 
On-Site Geolog1st: D. Wallace 
Elevation (top of pipe): 979 29 
Elevation (land surface): 975.87 
Elevation (water table): 953.38 
Oate Measured: _;9u./~l..i!5L/~82"------
St at us of We 11 : ....!C<.~.o!!!m!Up~l eE-t!...!e:.__ ____ _ 

DRILLING 
Dr ill i n g Started : .-'9'!1./~1"'-3 lw8,..2'-----­
Dri11 i ng Completed: ...;9'!1./~l.::t4L..:/82..!2'-----
Drilling Company: Triggs & Assoc. 
Registration No. : _.£N!1ownl.!ie'-------
Permi t No. : None Needed 
Name of Driller: Harry Grasser 
Type of Rig: Rotary (Hollow stem) 
Drilling Fluid: -2N~ollnlle'---------

HOLE DATA 
Hole Diameter: 
Thickness of Ov_e_r~bu~r~d~e~n-:_2_8 __ f_t _____ _ 
Depth Drilled in Rock: _ _.5!....Af-"'t.._. __ _ 
Total Depth of Hole: 33 ft. 

DEVELOPMENT 
Method: Surging with air 
Rate of Flow: No removal 
Length of Time: _1~.,;5LIIm[.li..unL..·------

CASING 
Type: 304 Stainless Steel (Sc~ 
Diameter: 2 in. ID 
Length: ~ 36.16 ft. (Total) 
Type of Jo1nt: Threaded (flush) 
Screen Slot: #7 (0.007 in.) 
Screen Length: 10 ft. 
Screen Setting :~2~2~.-lo5.._ft-.-t-o-32-.-5-ft . 
Stickup: 41.05 in. 

GRAVEL 
Type: Silica 
Size: Pea gravel with some sand 
Volume: "-20 gal. 
Depth: 21 ft to 33 ft. 

GROUT 
Type: Bentonite (Powder) 
Method: _P~o~u~r~e~d~--------­
Volume: ......_ 400 lbs. 
Depth: 2 ft. to 21 ft. 

BACKFILL 
Type: None (see above) 
Cement Collar: .::2c....:;.ft.::..:..· ------

COMMENTS 
Perm. Test - 23-25 ft. - Bottom 
WL- 9/14- 12:30am -.25.95 ft. 
WL - 9/15 - 8:40am - 25.91 ft. 

DRILLING LOG 

Depth 
From To 

0-13ft. 
13 ft. - 15 ft. 
15 ft - 24 ft. 
24 ft. - 28 ft. 

26.5 ft. 
2 8 ft . - 30 ft . 
30 ft. - 33 ft. 

33 ft 

Formation 
Descr1pt1on 

Fill - Black silty clay - Pebbles and cinders 
Gold sand (May be foundry sand) 
Fill - Black silty clay as above 
Brown silty clay - Some pebbles - Laminated 
Water (Good-sized seep) 
Highly weathered greenish gray shale 
Shale - Greenish gray - Fracture well defined -

Poorly cemented 
BOH 



NUS WELL RECORD 

Project: Hukill Cberni cal 

We 11 No . : G~~:..3'--::--::-:----:-----­
Coordinates: See Figure 1 
On-Site Geolog1st: D. Wallace 
Elevation (top of p1pe): 979.53 
Elevation (land surface): 977.03 
Elevation (water table): 954.45 
Date Measured: 9/15/82 
Status of We 11 :-'c=-'o~r.~=-p~l e~t::..e _____ _ 

DRILLING 
Drilling Started: 9/13/82 
Dr i 11 i ng Comp 1 eted'-: -'9:L/:..13::-</~8"=2'-----
Dr i 11 i ng Company: Triggs & Assoc. 
Registration No.: ~N~o~n~e~----------
Pennit No.: None Needed 
Name of Driller: Harry Grasser 
Type of Rig: Rotary (Hollow stem) 
Dr ill i n g F 1 u i d: _,N"'o"'"n"'e ______ _ 

HOLE DATA 
Hole Diameter: 7 in. 
Thickness of Ov-e~r~bu~r~d~e-n_: ___ 2_8 __ f_t_. __ __ 

Depth Drilled in Rock: --=1~4_f~t!...·'--­
Total Depth of Hole: __ ...;4,..2'---"-f.:.t..._. __ 

DEVELOPMENT 
Method: Surging with air 
Rate of Flow: 5 m1n. recovery 
Length of Time: _2_5,m~i_n~·----------­
Strong methane smell 

CASING 
Type: 304 Stainless Steel (S~ 
Diameter: £2~1~·n~.~I~D~-----------­
length: ......, 44.16 ft. CTotal) 
Type of Jo1nt: Threaded Cflushl 
Screen Slot: #7 ro.ooz jn ) 
Screen Length: ~l..,O,__.,f_..t_._. ______ _ 
Screen Setting: 31.5 ft. to 41.5 ft. 
Stickup: 30.05 in. 

GRAVEL 
Type: Silica 
Size: Pea gravel with some sand 
Volume: ~~~2~S~g~a~l~·-------------­
Depth: --~2~4~f~t~.~t~o~4~2~f~t~.~---

GROUT 
Type: .--~B~e~nut~o~n~it~e~CuP~o~w~d~e~r~l ____ _ 
Method: Poured 
Volume: ~~~~3~0~0~lb~s~·------------
Depth: 2 ft. to 24 ft. 

BACKFILL 
Type: None (see above) 
Cement Collar: -=2...;f:..;t:..;•:.__ ____ _ 

COMMENTS 
Perm. Test - 18.5 ft 20 ft. - Top 

and 23.5 - 25 ft. Bottom 
WL - 9/14 - 9:45am - 25.08 ft. 
WL - 9/15 - 8:30am - 25.08 ft. 

DRILLING LOG 

Depth 
From To 

0 - 15 ft 

15 ft. - 15.5 ft. 

15.5 ft. - 24 ft. 

24· ft. - 28.5 ft. 
28 ft. 

28.5 ft. - 30 ft. 
30 ft. - 35 ft. 
35 ft. - 42 ft. 

42 ft. 

Formation 
Descnpt1on 

per layer black, followed by 
- Some roots an cinders 

Greenish gray siltv clay with shale fragments and 
wood chi s 

Black clay - Organic looking with wood chips 
Water (small seep) 
Highly weathered greenish gray shale 
Shale - Greenish ~rav - Poorly cemented 
Shale - Greenish gray - Well cemented 
BOH 



NUS WEll RECORD 

Project: Hukill Chemical 
Well No.: ~G~-4~~~----~-------­
Coordinates: See Figure 1 
On-Site Geolog1st: D. Wallace 
Elevation (top of pipe): 980.55 
Elevation (land surface): 979.17 
Elevation (water table): 970.55 
Date Measured: ~9/c.:l:..:S~/.::8.::.2 _____ _ 
Status of Well: ~C.::.om~p~l~e~t:..:e~----------

DRILLING 
Dr i 11 i n g Started : ,-9"-'-/_.1,;,:4"--'/ 8"-'2'------
Drilling Completed: ::9L/1~4~/..!!8::.2 ____ _ 
Drilling Company: Triggs & Assoc. 
Registration No.: -'N~o~n~e"------
Permi t No. : None Needed 
Name of Driller: Harry Grasser 
Type of Rig: Rotary (Hollow stern) 
Dr i 11 i ng F 1 u i d: --'N'-"o,n_,_,e"---------

HOLE DATA 
Hole Diameter: 7 ·n. 
Thickness of Ov-e~rrbLur~d~e~n~:---s-.-5-f-t-.---
Depth Drilled in Rock: 9.5 ft. 
Total Depth of Hole: 18 ft. 

DEVELOPMENT 
Method; Surgine with air 
Rate of Flow: 5 min. recovery 
Length of Time: ...:.;1 5"--"m"'i"'n..,. ______ _ 

CASING 
Type: 304 Stainless Steel (S~ 
Diameter: 2 in. ID 
Length: ,..,_-=-1,.,9~.~3-=3~ft-. ...,c=T_o_t_a r""'l--
Type of Jo1nt: Threaded (flush) 
Screen Slot: #7 C0.007 in.) 
Screen Length: ~1-l;!O_fLt~.'-::----­
Screen Setting: 7.5 ft. to 17.5 ft. 
Stickup: 16.55 ~n. 

GRAVEL 
Type: Silica 
Size: -2~P~ea~gLr_a_v_e_l_w-~~-t...,h_s_o_rn_e_s_an_d_ 

Volume: "'18gal. 
Depth: -~6_fLtL-~t~o~1~8-LftLL·------

GROUT 
Type: Bentonite (Powdered) 
Method: Poured 
Volume: -L~~2~D~O~l~b-s-.-----------
Depth: 2 ft. to 6 ft. 

BACKFILL 
Type: None (see above) 
Cement Collar: -=2~ft.::..:_. ------

COMMENTS 
Perm. Test - 3.5 - 5 ft. - Bottom 
W1 - 9/15 - 8:15am - 10.0 ft. 

DRILLING LOG 

Depth 
From To 

0 - 0. 5 ft. 
0.5 ft. - 2.5 ft. 
2.5 ft - 8.5 ft 
8.5 ft. - 13.5 ft. 
13.5 ft - 18 ft. 

18 ft. 

Gravel 

Formation 
Descnpt 10n 

Dark green sandy clay 
Gold clay - Highly indurated - Angular chunks of shale 
Highly weathered greenish gray shale 
Shale - Greenish gray - Fracture well defined -

Poorly cemented 
BOH 

(Boring and well dry on completion) 



HUKILL CHEMICAL CORPORATION 

BEDFORD , OHIO 

PLAN FOR DETERMINING 

THE EXTENT OF 

POTENTIAL CONTAMINATION 

-, 
1 

--:2..-~~ 

~UWi ~~ill~W 

PROJECT #495-1 

FEBRUARY 1985 

EDER ASSOCIATES 

CONSULTING ENGINEERS , P.C. 

85 Forest Avenue 

Locust Valley, New York 11560 



eder a ... 5ociates 
. 

consulting engmeers, p.c. 

February 27, 1985 
File !1495-l 

Mr. Ron Lillich 
Waste Management Branch 
Technical, Permits and Compliance Section 
United States Environmental Protection Agency 
Region V 
230 South Dearborn 
12th Floor 
Chicago, Illinois 60604 

Re: Hukill Chemical Corporation - Bedford, Ohio 
EPA ID No. OHD 001926740 

Dear Mr. Lillich: 

We are pleased to submit three draft copies of our engineering report 
entitled "Plan for Determining the Extent of Potential Contamination" 
for your review. This report is submitted pursuant to the Compliance 
Order dated December 27, 1984 and subsequent directives by the 
Environmental Protection Agency (EPA). 

The Plan presents the work that will be conducted to: determine the 
nature and extent of potential contamination due to storage operations 
in the tank farm; determine the need for corrective actions; and 
select and implement the EPA approved corrective action. 

If you have any questons, please do not hestiate to call. 

Very truly yours, 

EDER ASSOCIATES~ONSULTING ENGINEERS, P.C. 

,_I _,.i. ,.-,--------------

Gary A; 1 Rozniils, .<P. E. 
Vice P,resident 

GAR/nf 
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I. INTRODUCTION 

Purpose 

Hukill Chemical Corporation (HCC) owns and operates a chemical 
processing facility located at 7013 Krick Road, Bedford, Ohio. The 
Company operates a tank farm located on the north side of the 
facility. The tank farm is used for the storage of spent and 
reclaimed solvents. The United States Environmental Protection Agency 
(EPA), Region V, is requiring HCC to conduct an investigation to: 
determine the nature and extent of potential contamination due to 
storage operations in the tank farm; determine the need for 
corrective actions to eliminate potential threats to the environment; 
and select and implement the EPA approved corrective action. 

Scope 

This investigation will consist of six tasks: 

Task 1: Background Information 

Task 2: Site Investigation 

TasK 3: Report of Site Investigation 

Task 4: Review of Alternative Corrective Actions 

Task 5: Conceptual Design of Selected Alternative 

Task 6: Corrective Action Study Report 

This report will detail the work to be conducted during Tasks l 
througr, 6. 

1 
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A plan for corrective action will be determined, i1l required, at 
the conclusion of Task 6. At such time, HCC will implement the 
approved plan, if required, in accordance with the approved 
implementation schedule. 

2 
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II. TASK l - BACKGROUND INFORMATION 

Task l will involve obtaining background information pertinent to 
the HCC site. The information that will be gathered will include: 
well logs of existing monitoring wells; and hydrogeological and 
geological data, including information pertaining to groundwater at 
the site. Existing sampling data will be obtained and a list of 
materials stored in the tank farm, both presently and in the past, 
will be assembled. 

The backgrouno information will be utilized in the site 
investigation to identify potential contaminants, areas of 
contamination, and the appropriate means for determining the extent of 
potential contamination. 

3 
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III. TASK 2 - SITE INVESTIGATION 

2.1- Introduction 

A site investigation in and around the area of the tank farm at 
the HCC facility will be conducted to characterize the site and its 
actual or potential hazard, if any, to public health and the 
environment. The site investigation will result in data to assist in 
assessing preliminary corrective action alternatives and to evaluate 
alternatives during the later stages of this study. The investigation 
will include: the installation of additional groundwater monitoring 
wells and groundwater analyses; and soil sampling and analyses at 
various locations in and around the tank farm. The work required for 
this investigation is discussed in the following sections. 

2.2 - Groundwater Monitorino 

The location of existing and proposed groundwater monitoring wells 
is shown in Figure 1, the site plan of the facility. The proposed 
wells are strategically placed in order to determine whether potential 
contaminants have entered the groundwater, and if so to determine the 
concentrations and extent of contaminants. Figure l shows the 
installation of three new monitoring wells. Each of these wells will 
be shallow wells. Shallow wells will intercept groundwater flow in 
the upper layers consisting of weathered shale. 

Groundwater flow direction at the site is to the north and east 
towards the tributary to Tinkers Creek, shown in Figure 1. Monitoring 
wells A and B will be located immediately outside of the earthern berm 
on the north side of the tank farm. These wells will assist in 
detecting the presence 
the north and northeast. 
east property line of 

of contaminants in the groundwater flowing to 
Monitoring well C will be located along the 

tne facility. This well will assist in 
detecting the presence of contaminants in the groundwater flowing to 
the east. 

4 
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between the boring hole and the well casing. A locking cap will be 

placed on the top of the well casing. In addition, a concrete pad 

will be poured around the well casing at graoe to prevent runoff from 

entering the space between the borehole and the well casing. A 

typical shallow well installation is shown in Figure 2. Shallow wells 

will be installed using a hollow stem auger. 

A deep well will be installed at the facility. The location of 

the deep well will be determined by the shallow monitoring well 

showing the highest level of contamination if any is found to be 

occurring. The deep well will extend into shale bedrock. The well 

installation will include an inner four (4) inch PVC well casing and 

an outer six (6) inch black steel well casing. The annular space 

between the six (6) inch casing and the boring will be grouted with a 

cement/bentonite grout mixture. A well screen is not required for the 

deep well. This deep well design will minimize the potential of 

cross-contamination between groundwater flowing in the upper permeable 

materials and deeper impermeable layers. A typical deep well is shown 

in Figure 3. A locking cap will be placed on top of the well casing 

and a concrete pad will be poured around the well casing at grade. 

2.3 Soil Analyses 

Surface and subsurface soil samples will be collected in the tank 

farm and around the tank farm area. Tne locations of the borings 

required for soil samples are shown in Figure 4. Samples will be 

collected using a split spoon sampler. A sample will be obtained at 

the ground surface and at three (3) foot intervals thereafter. Soil 

samples will also be collected during the drilling of the three (3) 

monitoring wells. These samples will be collected at three (3) foot 

intervals. 

All soil samples that are collected will oe analyzed in the field 

for total VOC using a portable organic volatiles analyzer (OVA). The 

results of the OVA will be useo to determine the required depth of the 

soil borings and the specific soil samples that will be subject to the 

7 
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Groundwater samples will be collected from all new and existing 
wells. Samples will be appropriately handled, filtered and preserved 
prior to analyses, in accordance with the projects Quality Assurance 
Program Plan (QAPP) appended to this report. The parameters that will 
be analyzed are listed in Table 1 in Section 2.4. If contaminants are 
identified in the groundwater samples, a fourth, deep well (Well D) 
will be installed near the shallow well showing the highest 
concentration of contaminants. The deep well will intercept 
groundwater flow in the shale bedrock layer and will assist in 
determining the vertical extent of contamination. The installation of 
additional monitoring wells may be required if contamination is found 
to be occurring and the installed wells do not provide sufficient 
information to determine its extent. 

Protocols for drilling, sampling and chemical analyses of the 
groundwater are discussed and detailed in the QAPP. Removal of water 
in the shallow wells before sampling will be accomplished using 
bailers in the shallow wells and using a displacement type pump in the 
deep well, if required. Samples from all wells will be collected 
using a bailer. Bailed water will be storea on-site until the 
analyses have been completed. Final disposition of bailed water will 
be determined upon review of sample analyses. 

The results of the sampling analyses of tne new and existing 

downgradient wells will be compared to the results of analyses from 
the existing upgradient well. The existing upgradient well is 
identified as SW-1 in Figure l. A VOC scan will be performed on 
samples from the upgradient and the downgradient wells. If comparison 
of the VOC scans indicates that the upgradient well does not 
adequately monitor the quality of groundwater flowing to the HCC 
facility, then the installation of an additional upgradient well may 
be required. 

Monitoring wells A, B and C will oe constructed of two (2) inch 
diameter PVC casing. Each well will be screened with five (5) feet of 
ten ( 10) slot (0. 010 inch) screen. A bentonite seal will be placed 

6 
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FIGURE N~ 2 
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FIGURE N~ 3 .· 
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chemical analyses listed in Table 1 of Section 2.4. Soil boring No. 
SB-13 will be taken in an area remote to the tank farm. This sample 
will be considered to be clean soil for comparison to all soil 
samples. The sampling and chemical analyses protocols for the soil 
samples are discussed in the QAPP, which is appended to tnis report. 
Additional soil samples may be required if contamination is found to 
be occurring and the proposed soil borings do not provide sufficient 
information to determine its extent. 

2.4 Summary of Site Investigation 

Table 1 presents a summary of all the chemical analyses tllat will 
oe conducted for groundwater and soil samples. Protocols for sampling 
and analyzing that are presented in the QAPP will oe strictly followed 
in order to avoid contamination of the samples, to ensure the accuracy 
of the results and to have the results represent the actual conditions 
of the site. Strict chain-of-custody procedures will be followed. 
These procedures are discussed in detail in the QAPP, ~nich is 
appended to this report. 

Eder Associates Consulting Engineers, P.C. (EA) will supervise all 
site investigation work, including the drilling of additional 
groundwater monitoring wells. EA will also conduct a sampling program 
in accordance with the established protocols. 

All chemical analyses will be conductea by an outside EPA contract 
laboratory. All laboratory analyses will be conducted in a manner 
that follows the established protocols. 

The results from the site investigation will be used to assess the 
potential hazards, if any, to health or the environment at the HCC 
site. Tnis assessment will be used to determine a recommended 
corrective action to alleviate the potential proolem, if any ere found 
to exist. 

11 
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HUKILL CHEMICAL CORPORATION 

BEDFORD, OHIO 

TABLE 1 

/ci,' Groundwater 
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Table l Continued . . 0 

Groundwater Soil 

Seleniur:- X 

Silver X 

pH v' X 

TO:: X 

TOX X 

Specific Conductivity X 

% Solids X 
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IV. TASK 3- REPORT OF SITE INVESTIGATION 

A thorough analysis and summary of all site investigations anc 

their results will be prepared and presented in this section. The 

objective will be to ensure that the investigation data are sufficient 

in quality and quantity to support the corrective action study. The 

results and data from all 

presented logically so 

site investigations will be organized and 

that the relationship between site 

investigations for each medium are apparent. 

The report will analyze all the field data gathered during this 

investigation and develop a summary of the type and extent of 

contamination at the site, including all significant pathways of 

contamination. An assessment will be included in the report in order 

to identify any potential or actual threats to public health, welfare 

and the environment. 

Currently, there are no data which indicate that the site is 

posing any significant threat to public health, welfare or the 

environment. The assessment will further evaluate this situation to 

confirm that there are no threats. 

The analysis of the site investigation will identify the 

objectives and alternative corrective actions which may be recommended 

to significantly mitigate the threat, if any, to public health, 

welfare or the environment. 

If the investigation finds that contamination ano/or an actual or 

potential threat to public health, welfare or the environment does not 

exist, then corrective actions will not be required and no further 

work will be conducted after completion of the Site Investigation 

Report. 

]I! 
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The Site Investigation Report will include the following: 

a. Description of soil sampling procedures; 

b. Summary of soil laboratory test results; 

c. Copies of soil laboratory data sheets; 

d. Description of drilling and installation of wells; 

e. Copies of boring logs; 

f. Description of groundwater sampling procedure; 

g. Summary of groundwater test results; 

h. Copies of groundwater laboratory data sheets; 

i. Environmental Assessment; and 

j. Discussion of project objectives and alternative corrective 
action for evaluation in the corrective action study, if 
required. 

15 
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V. Task 4 - REVIEW OF ALTERNATIVE CORRECTIVE ACTIONS 

The objective of the alternative corrective actions evaluation 

task is to evaluate alternative actions, if such action is required, 

on the basis of economic, environmental and engineering criteria, and 

to select the most cost-effective alternative or combination of 

alternatives for conceptual design and implementation. Should the 

site investigation determine corrective actions are not required, 

since no contamination or an actual or potential threat to public 

health, welfare or the environmerot exists at the site, then this arod 

subseouent tasks will not be conducted. 

4.1 - Initial Screening of Alternatives 

An initial screening of the alternative corrective actions 

identified in Task 3 will be conducted. The objective of this subtask 

is to evaluate alternative corrective actions to eliminate 

alternatives clearlv not feasible or appropriate based on cost, 

effects of alternative, and acceptable engineering practices. 

Alternatives that far exceed the costs of other alternatives evaluated 

and do not provide substantially greater public health or 

environmental benefit will be excluded from further consideration. 

Only those alternatives that effectively contribute to the protectior, 

of public health, welfare or the environment will be considereo 

further. Alternatives must also be considered feasible, be applicable 

to the problem, anc represent an acceptable means of addressing the 

problem. 

4.2 - Detailed Analvsis of Alternatives 

The objective of this subtask is to oevelop engineering details on 

the remaining alternsti ves, perform an environmental assessment f c'r 

each alternative, anc prepare Order-of-Magnitude cost estimates. These 

16 
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oetails will include alternative 
/ 

:'descriptions and 
site 

engineering 

conceptual 
requirements, 
considerations. 

layout drawings, operation and maintenance 
safety 

The 

requirements and special engineering 
address each envitonmental assessment will 

alternative in terms of the extent to which it · is expected to 
effectively w~tigate and minimize damage to, and provide adequate 
protection of public health, welfare and the envirbnment, relative to 
the other alternatives analyzed. The cost estimates will include the 
total cost of implementing the alte:rnative and the annual operating 
and maintenance costs. 

Alternatives will be evaluated 
economic criteria. The areas 

using technical, environmental and 
that will be used to evaluate 

alternatives include: reliability; implementability; operation and 
maintenance requirements; environmental effects; safety 
requirements; and cost. 

Evaluative considerations will be applied uniformly to each 
alternative. The lowest cost alternative that is technologically 
feasible and acceptable, and that adequately protects public health, 
wealth and the environment will be considered the cost-effective 
alternative. 

4.3 - Preliminary Report 

A prelimi'lary report will be submitted to the EPA that presents 
the results of the Alternative Corrective Actions Evaluation ano the 
recommended alcernative. 

p.c. 
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VI. TASK 5- CONCEPTUAL DESIGN OF SELECTED ALTeRNATIVE 

The objective of the conceptual design task is to define ' the 

selected corrective action alternative for-- the design and 

implementation phases. The conceptual design will include an 

implementation schedule, phasing considerations, preliminary design 

criteria, preliminary site and facility layouts, operation and 

maintenance requirements, an outline of the health and safety plan, 

and a refined cost estimate. The conceptual design information will 

be included in the corrective action study report. 

18 
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VII. TASK 6 - CORRECTIVE ACTION STUDY REPORT 

The objective of'the corrective action study report is to compile 
.and describe the methods, results and conclusions of the alternative 
corrective actions evaluation task. The report will incorporate and 
include the following: 

a. Summary of the hazards and potential hazards, if any, for 
which corrective action is required; 

b. Detailed analysis of alternative technologies which can be 
employed to effectuate necessary corrective action; 

c. Description of all studies performed or evaluated to confirm 
the applicability of each alternative assessed; 

d. Unit cost estimates for each alternative; 

e. Operation and maintenance requirements with cost estimates 
for each alternative; 

f. Long-term integrity for each alternative; 

g. Timeliness of implementation for each alternative; 

h. A discussion of conformity to Federal, State and local laws 
and regulations, for each alternative; and 

i. Conceptual design and implementation schedule for the 
selected corrective action. 

19 
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VIII. IMPLEMENTATION SCHEDULE 

The estimated time to complete each task of this project is 
presented in Table 2. Background information has been assembled, 
therefore Task l is complete at this time. The total time required to 
complete this project is 18 weeks. The schedule will be adjusted 
accordingly to include required review time by the EPA. In addition, 
this schedule may require revision, if the proposed site investigation 
work does not sufficiently define the extent of potential 
contamination and additional site work is necessary. This would 
extend the estimated time to complete Task 2. The project time 
schedule would be correspondingly adjusted. 

20 
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Item 

HUKILL CHEMICAL CORPORATION 

BEDFORD, OHIO 

TABLE 2 

IMPLEMENTATION SCHEDULE 

Task 1 - Background Information 

Task 2 - Site Investigation 

Task 3 - Report of Site Investigation 

Task 4 - Review of Alternative Corrective Actions 

Task 5 - Conceptual Design of Selected Alternative 

Task 6 - Corrective Action Study Report 

Total: 

Notes 

1. Task l worK has been completed. 

Estimated 
Completion Time 

(tt of weeks) 

3 

3 

3 

3 

18 

2. Task 2 work may require additional time if tne proposed site work 
ooes not sufficiently define the extent of potential contamination. 
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1. INTRODUCTION 

NUS Corporation (NUS) has designed the study presented here in response to 

a request from Hukill Chemical Corporation in Bedford, Ohio. The proposed 

study design is the result of NUS' best estimate of the effort needed to 

determine the nature and extent of contamination that may have resulted from 

the operation of the Hukill Chemical facility. 

This study design was presented to the United States Environmental Protection 

Agency (EPA) in outline form on August 12, 1982 at a meeting in their offices 

in Chicago. Only two changes have been made in the study design since that 

time. Both changes were at the request of EPA. Additional permeability 

samples will be taken so that soil permeability can be determined for each 

distinguishable lithologic unit in each borehole. An alternate schedule has 

been added to facilitate EPA's determination of the value of samples collected 

after a rainfall. 

1-1 



2. STUDY DESIGN 

The goal of the study, as designed, is to develop an implementation plan to 

reduce, if necessary, the offsite transport of pollutants resulting from the 

operation of the facility. The study includes data collection and evaluation 

to determine which pollutants handled by Hukill Chemical may be leaving the 

site, if Hukill Chemical's contribution can be considered significant, the 

remedial actions required, if any, and an evaluation of the effectiveness of 

those actions. 

Two site visits were conducted by an NUS hydrogeologist to determine the best 

study design to accommodate the need for early results based on sound geologic 

and hydrologic data. Many approaches were considered before the plan of 

action, presented here, was selected. One of these alternative approaches 

included detailed chemical soil analyses, but this approach was rejected be­

cause of the non-reproducibility of such analyses and as a result of prelimi­

nary estimations of the extent of possible contamination. Instead, it was 

determined that the data collection effort should be directed toward the 

evaluation of the offsite migration of contaminants. This approach was based 

on the desire to reduce offsite contamination, rather than to characterize the 

onsite distribution of contaminants. The basic premise of the study design is 

the evaluation of contaminants moving within the unconsolidated materials to 

areas off the Hukill Chemical property and, therefore, posing a potential 

threat. Movement of these contaminants is either through solution and trans­

portation by groundwater or through adsorption and erosion of soil to surface 

water. For these reasons, a detailed water sampling and analysis program has 

been developed. 

Surface water quality will be evaluated to determine the facility's impact. 

Three sampling sites have been selected to provide the basis for examining the 

surface water quality entering the site, the effect of the discharge from out­

fall 001, and the quality of groundwater runoff to the stream. Groundwater 

runoff is used here to indicate the precipitation that percolates downward, 

travels through the unconsolidated deposits and is discharged to the stream. 

2-1 



Based on the regional geology, confined rock aquifers are expected to be 
greater than 100 feet below the land surface. If these aquifers are 
contaminated, it is probably the result of activities in the recharge area, 
rather than activities at the Hukill Chemical plant. 

Onsite soil borings suggest that the shale bedrock underlying the site occurs 
approximately 15 to 20 feet below the surface in the area near the north tank 
farm and dips ·up to one foot in ten to the north-northeast of the site. The 
upper portions of the bedrock consist of weathered shale and are overlain by 
glacial till and site fill. The permeability of the glacial till was measured 
in the laboratory at K = 8.6 x 10-8, 2.8 x 10-5, and 2.2 x 1o-8 centimeters 
per second in three different nearby borings. The glacial till is typical of 
the area with silty and clayey deposits in close proximity. Rainfall in the 
area percolates through the soil and weathered shale until it encounters the 
tight shale bedrock. It then migrates down-dip and is discharged at the point 
a stream channel intersects its path. 

Groundwater moving through the unconsolidated deposits will be sampled 
directly above the shale bedrock. Since this groundwater zone is a localized 
phenomenon, it is impossible to predict flows. The groundwater flow rate may 
be such that the discharge (not groundwater runoff) to surface water is slow 
and, therefore, the consolidated deposits will contain a constant flow. Con­
versely, the groundwater flow rate may be fairly high through the weathered 
shale and, therefore, discharge to surface water may be rapid. If the latter 
is the case, sufficient groundwater for sampling will only be available after 
a significant rainfall event. This situation does not affect the study 
design, only the sampling period. 

The monitoring well locations have been carefully selected to provide a wide 
range of information. The upgradient well is located in a manner to facili­
tate the determination of groundwater quality that is not effected by facility 
operation and to offer reasonably representative information concerning the 
groundwater effects of upgradient offsite operations. Two downgradient wells 
are located at points designed to provide sufficient information to determine 
flow direction and to provide information to be used in evaluating whether the 
onsite problems are the result of specific units or the result of past opera-
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tions in general. The last well has been located near the buried cistern, 
since it has been anticipated that contamination resulting from this area may 
mask the other sources of contamination. 

Optimally, water samples should be collected during both dry and wet periods, 
since high water tables may be removing additional contaminants from the soil. 
Unfortunately, if recommended remedial measures are to be implemented before 
winter, sampling must proceed as rapidly as possible. 

Once the initial data is collected and evaluated, NUS will prepare recommen­
dations for additional actions on the part of Hukill Chemical. An interim 
report, containing the study findings and recommendations will be submitted to 

Hukill Chemical and the EPA. Following discussions with the EPA, NUS will 
prepare an implementation plan for the agreed-upon action. This plan will 
also contain a program to measure the effectiveness of the actions and an 
ongoing monitoring program, if deemed necessary. 
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3. DATA COLLECTION PROGRAM 

The data collection program will consist of installing groundwater monitoring 
wells, collecting and analyzing groundwater and surface-water samples, and 
surveying the sample collection points. The first phase of the program will 
provide information concerning the subsurface materials at the site collected 
during the drilling and logging of the boreholes for well installation. The 

well records will also provide the information necessary to prepare geologic 
cross-sections of the materials beneath the site. Water levels measured 
during sample collection (second phase) combined with the results of the 
survey (third phase) will provide the information for the construction of 
groundwater flow diagrams. These diagrams, plus the soil permeability tests, 

will provide the data to be used to estimate groundwater flow rates. 

The field procedures for data collection are discussed in detail below. 

3.1 Monitoring Well Installation 

A hydrogeologist from NUS will site four monitoring wells at the Hukill Chemi­

cal facility. Groundwater flow in the unconsolidated deposits is assumed to 
be in the direction of the onsite stream and approximately north to northeast. 

The wells will be located in the general areas indicated on Figure 1. Well 
number G-1 is assumed to be the upgradient well and wells number G-2 and G-3 
the downgradient wells for the facility. Well number G-2 will be located in 
the vicinity of the downgradient end of the easterly erosion channel. Well 
number G-3 will be located downgradient of the north tank farm. Well number 
G-4 will be located nearby and downgradient from the buried cistern. All 

wells will be sited in areas accessible to drilling equipment. Since the site 
is nearly flat (surficial topography), the two most northerly downgradient 

welles (G-2 and G-3) will be installed first to aid in more precisely locating 
the upgradient well (G-1, to be installed last). 

The drill rig and operators will be supplied by a local drilling firm. Donna 
Wallace, a hydrogeologist from NUS, will log the boreholes through visual 
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FORM 1 

NUS WELL RECORD 

Project: 
We 11 No. : 
Coordinates: 
On-Site Geolog1st: 
Elevation (top of p1pe): 
Elevation (land surface):-----
Elevation (water table): ____ _ 
Date Measured: 
Status of Well: 

DRILLING 
Drilling Started: 
Drilling Completed: 
Drilling Company: ---------
Registration No.: ________ _ 
Per>m it No. : 
Name of Driller: ---------­
Type of Rig:~--------­
Drilling Fluid: 

HOLE DATA 
Hole Diameter: 
Thickness of Overburden: 
Depth Drilled in Rock: ------
Total Depth of Hole: ______ _ 

DEVELOPMENT 
Method: 
Rate of ow: 
Length of Time: ---------

CASING 
Type: 
Diameter: 
Length: 
Type of o1nt: 
Screen Slot: 
Screen Length: 
Screen Setting: 

GRAVEL 
Type: 
Size: --------------
Volume: 
Depth: 

GROUT 
Type: Method'_: __________ _ 

Volume: 
Depth: 

BACKFILL 
Type: 

COMMENTS 

DRILLING LOG 

Depth 
From To 

3-'3 

Formation 
Description 



inspection of the materials removed (see Form 1) and will supervise the instal­

lation of the monitoring wells. Permeability samples will be taken at each 

distinguishable change in lighology. All boreholes will be augared to the top 

of the shale bedrock (through the weathered shale, which is considered to be 

the uppermost water-producing zone). 

Monitoring-well installation will consist of inserting 2-inch industrial-grade 

(type 304), schedule 5 (0.065-inch thick) stainless steel casing (see Figure 

2). All joints will consist of flush threads welded to the pipe and wrapped 

with teflon tape. Each well will be screened for the lower 10 feet with seven 

slot (0.007-inch) screen. Screens will be capped at the bottom. Each well 

will be gravel packed for a minimum of 2 feet above the screen with clean, 

inert, and insoluable aggregate. The annular space will be backfilled to the 

surface with bentonite. A 3-foot cement collar will be placed at the top of 

the borehole to hold the well securely in place and to direct run-off away 

from the casing. The top of the casing will be fitted with a locking cap. 

If sufficient water is available for sampling at the time of well installa­

tion, these samples will be collected as described later. Once the samples 

are collected, the wells will be developed by surging with potable water to 

clear the screens for future sampling. Since development affects water 

quality only by dilution of the existing contaminants, well development after 

sample collection will not affect the representative nature of the samples. 

If sufficient water is not available to sample wells immediately, then samples 

will not be taken until a significant rainfall event has occured. The addi­

tion of potable water during development will not impact the concentration of 

pollutants at that time, since the rainfall will have already provided dilu­

tion. 

3.2 Sample Collection and Analysis 

The sample collection points were_ indicated on Figure 1 and are described as 

follows: 
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Ground Surface 

Bentonite Backfill 

Gravel Pack 
(12 feet) 

BOH at 
Top of Rock 

Figure 2 MONITORING WELL CONSTRUCTION 
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Locking Cap 

Cement Collar 
(3 feet) 

2" ID Stainless Steel Riser 
Pipe with Threaded Joints 
Wrapped with Teflon 

2" Stainless Steel Well Screen 
(10 feet) 



S-A. Discharge from Outfall 001 
S-B. Surface water above Outfall 001 
S-C. Surface water as it enters the culvert (downstream of Outfall 001) 

G-1. Groundwater upgradient of Hukill operations 

G-2. Groundwater at the downgradient end of the easterly erosion channel 

G-3. Groundwater downgradient from the north tank farm 

G-4. Groundwater near (downgradient) the buried cistern. 

Samples will be collected from each of the above sampling points immediately 
after well installation if sufficient water is available. If not, all samples 

will be collected as soon as possible (estimated to be within 24 hours) after 
the first significant rainfall event. Sample collection will be performed by 

a qualified chemist from the Wadsworth Testing Laboratories, in conformance 
with the procedures described below. 

Sample collection procedures are considered to be the most significant step in 
the sampling and analysis program. It is important that the correct methods 
be used and that consistency be maintained throughout the life of the sampling 
program. Therefore, a detailed "Sampling Procedure Checklist" (see Form 2) 
will be used each time samples are collected. The field data will be recorded 

on a "Sample Collection Information" sheet (see Form 3), which will be filed 
with the analytical results. 

Sample preservation will be in accordance with "Methods for Chemical Analysis 
of Water and Wastes" {1974), USEPA 625/6-74-003, as described in Table 1. All 
samples will be iced and delivered to the laboratory for analysis. 

Chain of custody control will be maintained throughout the sampling and analy­
sis program. The sample collector will initiate the chain of custody record 

(see Form 4) when the well is sampled. This record will travel with the 

sample bottles to the laboratory. Sample bottles will be sealed prior to 

shipment and the condition of the seal will be inspected prior to analysis and 
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FORM 2 

SAMPLING PROCEDURE CHECKLIST 

______ .1. Before going in the field, fill ln the following information on the 
"Sample Collection Information" form: 

Sample Collector 
Sample Source (Well Number or Surface Water Location Letter) 
Air Temperature 
Date Collected 
Reason for Sampling 
Depth of Well (from top of pipe). 

______ .2. Assemble the following equipment: 
.t 

Pump or Bailer and Measuring Bucket 
Watch 
Pocket Calculator 
Measuring Tape 
Thermometer 
Filtration Apparatus 
Sample Bottle 
pH Meter 
Ice Chest and Ice 
Distilled Water 
Sample Collection Information Sheets 
Chain of Custody Forms. 

______ .3. Proceed to first well and record the time. 

______ 4. Measure the water level and record the depth to the top of the water 
surface. 

______ 5. Determine the submerged casing volume (standing water volume) in the 
well from the following equation: 

___ 6. 

2 
V = TTY h 

where 

Using the 
the well. 

v volume 
r = radius of the casing 
h = standing water hj'i,ijht 'r 1 t('o+ a ..... J t <!<.-

pump o~, remove three casing 
Record~ume of water removed. 

volumes of water from 
If the well is not able 

to recharge at a rate sufficient to evacuate three well casing volumes, 
the well should be pumped or bailed dry. 

7. Measure and record the depth to water again. If the second depth to --- water is significantly less than the first, the well should be allowed 
to recharge. 



______ 8. Measure the sample pH of four samples and record. 

----~9. Fill all pretreated sample bottles. Filter the samples if turbid; 

remove and discard the sediment. Record the sample temperature at 

the time of withdrawal and the sample appearance. 

10. Seal the sample bottles with labels. Labels should contain sample 

------ number, date, and name of collector. 

11. Transfer all sample bottles to ice chest and pack with ice. 

---
12. Clean all equipment by rinsing thoroughly with distilled water and 

------ proceed to the next well. 

13. Begin collecting surface water samples. Estimate the flow and record. 

---

---14. Repeat steps 8 through 11 while sampling the surface water and outfall 

001. 

______ 15. Transport all samples to the laboratory for analysis. 
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FORM 3 

SAMPLE COLLECTION INFORMATION 

Site: ----------------------------------------------------------------

Address: _______________________________________________________________ _ 

S amp l e Co 11 ector : ------------------- Firm: 

Sample Type: Sample Source: 

Lab Sample No.: Air Temperature: 

Date Collected: Time Collected: -------------------

Reason for Sampling: ----------------------------------------

Water Level Information (from top of pipe) 

Depth to Water before Purging: Depth of Well: 
-------

Depth to Water after Purging: Volume Removed: 

Surface Water Information 

Estimated Flow: ---------------- Method: -----------------------

Field Testing 

Sample Appearance: -------------------------------------------------

Col or: ------------------------ Clarity: ----------------------

Sample Temperature: Time Iced: 

Sample pH: Sample pH: Sample pH: ______ Sample pH: 

Samples Filtered: ------------------------------------------------

Sample Shipment 

Where Shipped: -----------------------------------------------------

Method of Shipment: ----------------Chain of Custody Needed: -------------

Comments: 
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Parameter 

pH 

Total Organic Carbon 

Chemical Oxygen Demand (02) 
Chloride 

Arsenic 

Barium 

Cadi urn 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Volatile Organics 

TABLE 1 

METHODS OF PRESERVATION 

Preservation Method ( 1) 

Cool to 4°C 

Add H
2
so

4 
to pH< 2; 0 Cool to 4 C 

Add H
2

SO
4 

to pH< 2 

Cool to 4°C (None required) 

Add 6 ml cone. HN0
3/l 

Filter; Add S ml cone. HNOil 

Filter; Add S ml cone. HN0
3/l 

Filter; Add S ml cone. HN0
3/l 

Filter; Add S ml cone. HN0/1 

Filter; Add S ml cone. HN0/1 

Add S ml cone. HNOil 

Filter; Add S ml cone. HN0
3/l 

Cool 4°C 

(1) Methods for Chemical Analysis of Water and Wastes (1979(, EPA 600/4-79-020. 

(2) Methods for Chemical Analysis of Water and Wastes (1974), USEPA 625/6-74-003. 

Maximum Holding Time (2) 

6 hours (on-site) 

24 hours 

7 days 

28 days 

6 months 

6 months 

6 months 

6 months 

6 months 

38 days 

6 months 

6 months 

14 days 



FORM 4 
CHAIN OF CUSTODY 

Site Sampled: 

Address:--------------------------------------------------------------

Samp 1 e Co 11 ector : ------------------------- Phone : 
Sample Shipper: Phone: 
Sample Type: Sample Source: ______________ __ 
Date Co 11 ected: Time Co 11 ected: ______________ _ 

Receiving Laboratory: ------------------------------------------------­

Address: --------------------------------------------------------------

Condition of S amp 1 e : ----------------------------------------------------
Sea 1 Intact? : --------------------------- S amp 1 e Temper at ure : __________ __ 
Date Received: Time Received: _______________ __ 

Chain of Possession: 

Signature Title 

Date & time of receipt/initials Date & time of release/initials 

Signature Title 

Date & time of receipt/initials Date & time of release/initials 

Signature Title 

Date & time of receipt/initials Date & time of release/initials 

Signature Title 

Date & time of receipt/initials Date & time of release/initials 
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noted on the chain of custody record. Once analysis is completed, the record 
will be placed in company files. 

The inorganic chemical analyses to be performed have been shown in Table 1. 

The organic analyses will consist of a qualitative scan to identify the 
specific organic compounds shown in Table 2. A quantitative analysis will be 
performed on up to five parameters, per sample, found in the greatest concen­
trations. 

The chemical analyses required will be performed in accordance with EPA 
methods contained in ''Methods for Chemical Analysis of Water and Wastes'' 
(1979), EPA 600/4-79-020, and ''Microbiological Methods for Monitoring the 

Environment, Water and Wastes'' (1978), EPA 600/8-78-017. The preservative and 
holding time requirements set forth in the 1974 edition of the same manual 
were shown in Table 1. Brief descriptions of the methodology are shown in 
Table 3. 

3.3 Sampling Location Survey 

All seven sampling points will be surveyed for both horizontal and vertical 

control. Elevations will be shot on the top of the casing and the distance to 
the ground-surface will be measured. The hydrant on Krick Road opposite the 
Hukill buildings will serve as the bench mark (elevation 982.42). Survey work 
will be performed by Frank B. Krause and Associates of Maple Heights, Ohio 
(who have done previous onsite survey work). 
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TABLE 2 
VOLATILE ORGANIC POLLUTANTS 

• Acrolein 
• Acrylonitrile 
• Benzene 
• Bis (Chloromethyl) Ether 
e Bromoform 
• Carbon Tetrachloride 
• Chlorobenzene 

r-< "' 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 

• 
ctl ·r-1 • 

u "' 
•r-1 >. • 
Sr-< 

" "' . 
.c " u <( • 

r-< " • r-<+J 
·r-1 tfl • 

""' "' ;:j "' • :I: • • 

Chlorodibromomethane 
Chloroethane 
2-Chloroethylvinyl Ether 
Chloroform 
Dichlorobromoethane 
Dichlorodifluoromethane 
1,1-Dichloroethane 
1,2-Dichloroethane 
1,1-Dichloroethylene 
1,2-Dichloropropane 
1,2-Dichloropropylene 
Ethyl benzene 
Methyl Bromide 
~lethyl Chloride 
Methylene Chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
1,2-Trans-Dichloroethylene 
1,1, 1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
Vinyl Chloride 

Methylene Chloride / 
Toluene/ 
1,1, 1-Trichloroethane v 
Trichloroethylene 
Xylene c 

N-Buryl Acetate 
Ethyl Acetate · · 
Methyl Ethyl Ketone 
Di-isobutyl Ketone 
Acetone" 
Cellusolue Acetate 
Methanolv 
Ethanol 
Propanol 
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TABLE 3 

ANALYTICAL TECHNIQUES 

Parameter 

Chemical Oxygen Demand 

Total Disolved Organic Carbon 

pH 

Chloride 

Heavy Metals (excluding arsenic, 
mercury, and selenium) 

Arsenic 

Mercury 

Selenium 

Volatile Organics (VOA) 
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Methodology 

Digestion with standard sodium 
dichromate solution, titration with 
standard ferrous ammonium sulfate 
solution to ferrous endpoint. 

Nondispersive infrared spectrometric 
measurement of carbon dioxide after 
conversion in high temperature fur­
nance. Sample is prefiltered on 
0. 45 Jtm membrane fi 1 t er. 

Electrometric determination with glass 
and calomel electrodes. Calibration 
by means of appropriate standard buf­
fer solutions. 

Electrometric determination with selec­
tive ion electrode, calibration with 
standard solutions. 

Atomic absorption spectrometry (AAS) 
using direct aspiration. Calibration 
by multiple standards spiked into 
sample to eliminate sample-matrix 
effects. 

AAS using hydride vapor method. 

AAS using cold vapor method. 

AAS using hydride vapor method. 

Purge and trap GC/MS. 



4. DATA EVALUATION PROGRAM 

The data evaluation program will consist of three components. First, the sub­

surface conditions beneath the facility will be described in detail, including 

geologic cross-sections and groundwater flow diagrams. 

Second, the water quality data will be subjected to a detailed evaluation to 

determine which pollutants, and the associated concentrations, are being 

transported offsite at the Hukill Chemical facility. This evaluation will 

provide a description of the nature of contamination. The extent of contami­

nation will be determined by the concentrations of pollutants contributed by 

Hukill Chemical. These concentrations will be calculated by subtracting the 

concentrations entering the site from those leaving the site. The signifi­

cance of each pollutant and the resulting concentrations will be evaluated in 

as much detail as possible. 

Finally, the probable sources of contamination will be examined. The offsite 

contributions will be quantified as those concentrations entering the facility 

and the evaluation of the significance of the Hukill Chemical contribution 

will be based on these levels of offsite contribution. Where the Hukill 
Chemical contribution appears significant, probable onsite sources will be 

identified based on the data evaluation. 

Each of these components is discussed in more detail below. 

4.1 Subsurface Conditions 

The subsurface materials beneath the Hukill Chemical site will be described 

from the well records prepared by NUS. Each distinguishable unconsolidated 

deposit and the weathered shale will be described and the results of the per­

meability tests reported. Geologic cross-sections will be prepared for two 
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areas--between boreholes G-1 and G-2 and between boreholes G-1 and G-3 through 
G-4. 

The groundwater levels measured when samples are collected, combined with the 
surveyed well control, will be used to construct groundwater flow diagrams. 
These diagrams will indicate flow direction and will be of sufficient detail 
to determine the slope of the water table at the time of sampling. If ground­
water samples are collected after a rainfall, in addition to other samples, a 
second flow diagram will be prepared. 

Groundwater flow rates will be estimated using Darcy's Law and literature 
values for porosity. Permeability will be determined from the soil test data 
and gradients will be calculated from the groundwater flow diagrams. 

4.2 Water Quality 

The water quality data will be assembled in two tables--one for groundwater 
quality and one for surface water quality plus outfall 001. An interpretive 
table will also be prepared. The groundwater concentrations entering the site 
(G-1) will be subtracted from the concentrations leaving the site (the mean of 
G-2 and G-3). These concentrations will be considered as the groundwater con­
tribution resulting from the operation of Hukill Chemical. The groundwater 
runoff contribution to the stream will also be determined. This calculation 
will be the result of subtracting the concentrations in outfall 001 and the 
concentrations in the upstream sample (S-8) from the concentrations in the 
downstream sample {S-C). These two calculations will be tabulated with the 
Outfall 001 concentrations and the concentrations near the buried cistern. 
Therefore, this interpretive table will delineate the concentrations resulting 
from groundwater, the groundwater runoff, Outfall 001, and the buried cistern. 
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Once this table has been constructed, individual concentrations of specific 
parameters will be evaluated, to the extent possible, to determine the signif­
icance of the contribution by Hukill Chemical. This evaluation will be con­
ducted as two elements, the inorganic parameters and the organic parameters. 

The priority heavy metal (arsenic, barium, cadmium, chromium, lead, mercury, 
selenium, and silver) concentrations, chloride, and pH will be compared to the 
EPA drinking water standards shown in Table 4. This comparison will provide 
the basis for an evaluation of the significance of the concentrations found 
for the inorganic parameters. 

The organic compounds are expected to pose a more difficult problem, since 
very little is known about the environmental effects of most organics. There­
fore, the significance of the organic contribution will be evaluated through a 
statistical comparison of total organic carbon concentrations entering and 
leaving the site. A similar comparison will be performed for pH. 

Comparisons of the upgradient and downgradient water quality will be performed 
statistically, based on the Students' t-test at the 0.01 level of signifi­
cance. A one-tailed test will be used for the evaluation of changes in total 
organic carbon (TOC), since only increases over the upgradient quality are 
significant. For pH, a two-tailed test will be used since both increases and 
decreases are significant. 

Specifically, the four values of TOC concentrations found at the upstream 
surface water sampling point (S-B) will be used to calculate the background 
mean and variance. The mean and variance of the four concentrations for TOC 
found at the downstream surface water sampling point (S-C) will be compared to 
the background values. A Students' t-test will be performed and a t-value 
calculated. If the calculated value for TOC is larger than the table value 
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TABLE 4 
EPA DRINKING WATER STANDARDS 

Maximum 
Parameter Contaminant Level (mg/L) 

pH 6.5 - 8.5 * 

Chloride 250* 

Arsenic 0.05 

Barium 1.0 

Cadmium 0.01 

Chromium 0.05 

Lead 0.05 

Mercury 0.002 

Selenium 0.01 

Silver 0.05 

*These are secondary EPA standards (40 CFR 143). The remaining standards (40 CFR 141) 
shown are primary (health related). 
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(3.143, assuming 6 degrees of freedom), then the change in TOC will be con­
sidered significant. If the calculated value is negative for pH, the absolute 
value will be used, since increases or decreases are significant. This 
absolute value will be compared to the table value (3.707). 

It should be recognized that pH does not lend itself well to comparison sta­
tistics since it is not a linear function. That is, a decrease in pH from 6.5 

to 6.0 is not the same amount of change as an increase from 8.5 to 9.0, since 
pH is logarithmic. However, statistical comparisons of TOC may not be con­
clusive by themselves and so pH will also be examined. Similar comparisons 
for TOC and pH will be performed to compare the upgradient groundwater (G-1) 
to the mean concentrations of the downgradient groundwater at G-2 and at G-3. 

If a significant difference is found between the TOC concentrations upstream 
and downstream, then the Students' t-test will be used to evaluate the influ­
ence of outfall 001. The TOC concentrations in outfall 001 (S-A) will be com­
pared to the concentrations found in the downstream surface water (S-C). If 

these differences are statistically significant, it will be assumed that there 
is a significant groundwater runoff contribution to surface water at the 

facility. 

If a significant difference is found in the comparisons of groundwater 

quality, then the TOC concentrations from the groundwater near the buried cis­
tern (G-4) will be compared to downgradient groundwater quality (the mean of 

G-2 and G-3). If no statistically significant difference can be established 
between the downgradient groundwater concentrations of TOC and the groundwater 

concentrations of TOC near the buried cistern, it will be concluded that the 
majority of the organic contamination that is being measured in the water is 
resulting from the buried cistern. 
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Where appropriate, the concentrations of specific organic compounds contrib­

uted by Hukill Chemical will also be compared to the draft Suggested No 

Adverse Response Levels (SNARLS) recommended by EPA's drinking water office. 

It is not expected that the SNARLS will be very useful, however, since they 

were designed for spills affecting drinking water sources. However, the 

SNARLS may help to provide an order-of-magnitude comparison if one examines 

the allowable concentrations for 1-day exposures versus the concentrations for 

10-day exposures in drinking water. That is, 1-day exposure concentrations 

are often nearly 10 times the 10-day exposure concentrations in drinking 

water. Therefore, if the water is not consumed, the concentrations allowable 

should be orders of magnitude higher than even the 1-day concentrations. 

4.3 Contamination Sources 

A table will be prepared to describe the relative contribution of onsite and 

offsite sources to offsite contamination. This table will show the percentage 

of contribution by these two sources for each parameter measured. Groundwater 

and surface water will be considered separately. The inorganic parameters 

where the concentrations being transported offsite (S-C and G-2 and G-3) are 

below the drinking water standards, will be eliminated from further considera­

tion. The organic parameters found in concentrations below the detection 

limits will also be eliminated. Additional organic parameters will be elimi­

nated if it can be demonstrated through the use of the SNARLS that the levels 

are acceptably low. The parameters remaining will be evaluated as described 

below. 

Where Hukill Chemical contributions of specific groundwater contaminants are 

high, the concentrations in the groundwater near the buried cistern will be 

considered first. If specific concentrations cannot be accounted for near the 

buried cistern (G-4), downgradient well (G-2 and G-3) analyses will be 
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examined. A similar procedure will be used for specific surface water con­
taminants and outfall 001 will be examined first. 

Finally, the probable onsite sources will be identified and described. 
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5. RECOMMENDED ACTIONS 

The results of the evaluations conducted under Section 4 will be used to de­

termine the recommended actions at the site. These actions will be designed 

to reduce the offsite transport of pollutants resulting from the operation of 

the Hukill Chemical plant. The collected data, the results of the data evalu­

ations, and the recommended actions will be presented in an interim report. 

This report will be submitted concurrently to Hukill Chemical Corporation and 

the EPA. A meeting will be scheduled to discuss the findings and to determine 

which remedial actions, if any, are to be performed at the facility. 

NUS will prepare an implementation plan based on the results of this meeting. 

The plan will contain a discussion of the remedial action to be performed (in­

cluding all the information to carry out that action), the monitoring program 

necessary 

schedule. 
to determine the effectiveness of the action, and an implementation 

This plan will be submitted to EPA for approval before the remedial 

action is initiated. 
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6. SCHEDULE 

An important limiting factor in the design of the data collection program was 

the desire on the part of Hukill Chemical to proceed with the remedial action 

program, if necessary, before winter. Although NUS seldom recommends that 

"single-point-in-time" water quality analyses be used to evaluate existing 

conditions, no other alternative appears feasible within the available time. 

This schedule assumes that the monitoring wells can be installed without using 

water or drilling additives and that sufficient water will be available in the 

completed wells to allow for immediate sampling. 

Hukill Chemical and their geotechnical contractor, NUS, are committed to the 

schedule presented in Table 5. This schedule presumes that EPA approval will 

be secured by the end of August and that sufficient groundwater in the uncon­

solidated deposits will be available for sampling at the time of well instal­

lation. If sufficient water is not available, the EPA will be notified by 

phone, followed by a letter, that the schedule presented in Table 6 will be 

implemented. 

The significance of the alternative schedule presented in Table 6 is that it 

cannot be predicted when sufficient rainfall will occur to allow for sample 

collection. It can be assumed that if the groundwater flow rate is high 

enough to prohibit groundwater sampling during dry periods, then it should 

allow for sampling shortly after rainfall. However, the occurrence of rain­

fall in September cannot be predicted. 

The schedule shown in Table 6 indicates two phases of data collection. If 

samples cannot be collected until after a rainfall, the first phase will in­

clude well installation only. If two sets of samples are collected, water 

quality analyses will be conducted after each data collection phase. Slightly 

more time has been allowed for laboratory analyses under the alternative 

schedule, since it may not be possible to secure commitments at the later 
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e Meet with USEPA 

TABLE 5 

IMPLEMENTATION SCHEDULE 

• Submit Approvable Plan to USEPA 

• Meet with USEPA to Secure 
Approval 

• Complete First Phase Data 
Collect ion 

e Receive Laboratory Results 

• Complete First Phase Data 
Evaluation and Submit 
Interim Report to USEPA 

e Meet with USEPA to Discuss 
Remedial Action 

August 12 

August 23 

August 30 

September 17 

October 1 

October 18 

October 28 



TABLE 6 

ALTERNATE SCHEDULE 

e Meet with USEPA 

e Submit Approvable Plan to 

USEPA 

• Meet with USEPA to Secure 

Approval 

• Complete First Phase Data 

Collection 

• Complete Second Phase Data 

Collection 

• Receive Laboratory Results 

of Second Phase Data 

• Complete Data Evaluation 

and Submit Interim Report· 

to USEPA 

• Meet with USEPA to Discuss 

Remedial Action 
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August 12 

August 23 

August 30 

September 17 

Unknown 

3 Weeks After Data 
Collection 

4 Weeks After Receipt 

of Lab Resu1 ts 

10 Days After Submittal 

of Interim Report 



date. The data evaluation and preparation of the interim report includes 

additional time, since additional data will be evaluated. If only one set of 

data is collected, then the evaluation period can be limited to three weeks. 

6-4 


